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ABSTRACT
3 -D e o x y -4 - s u lp h o h e x o s u lo s e  (DSH), a  compound t h a t  may be form ed 
i n  s i g n i f i c a n t  am ounts in  d e h y d r a t e d  fo o d s  d u r in g  th e  S C ^ - i n h i b i t e d  
M a i l l a r d  r e a c t i o n  was s y n t h e s i s e d  and i t s  t o x i c o l o g y  s t u d i e d .
The i n t r a - g a s t r i c  a c u t e  t o x i c i t y  o f  DSH was i n v e s t i g a t e d  i n  m ale  
and fe m a le  w i s t a r  a l b i n o  r a t s  and CFl m ic e .  The LD^^ e x c e e d e d  5 g DSH/ 
Kg body w e ig h t  i n  e a c h  c a s e .  A t t h i s  dose  l e v e l  no a d v e r s e  e f f e c t s  
o t h e r  t h a n  an  i n i t i a l ,  t r a n s i e n t  d i a r r h o e a  was se e n  d u r in g  a  f o u r t e e n -  
day  o b s e r v a t i o n  p e r i o d  a f t e r  d o s in g .  U r i n a l y s i s ,  h a e m a to lo g y  and 
p o s t -m o r te m  e x a m in a t io n s  i n  b o th  s p e c i e s  d id  n o t  r e v e a l  any  p a t h o l o g i c a l  
c h a n g e s .
A s h o r t - t e r m  s tu d y  (21 d a y s )  was p e rfo rm e d  on m ale w i s t a r  a l b i n o  
r a t s  a t  d i e t a r y  l e v e l s  o f  DSH o f  0 ,  0 . 5  and 2%. No a d v e r s e  e f f e c t s  
w ere  o b s e rv e d  on food  i n t a k e ,  g ro w th  r a t e ,  h a e m a to lo g y  n o r  se rum  b i o ­
c h e m i s t r y  b u t  u r i n a l y s i s  r e v e a l e d  a s l i g h t  d i u r e t i c  e f f e c t  o f  DSH on 
t h e  r a t s  o f  t h e  2% DSH dose  g r o u p .  H i s to l o g y  o f  s e l e c t e d  o r g a n s  d i d  
n o t  show any  d o s e - r e l a t e d  p a t h o l o g i c a l  c h a n g e s .
A s h o r t - t e r m  s tu d y  (90 d a y s )  was p e rfo rm e d  on m ale  CFl m ice  a t  
d i e t a r y  l e v e l s  o f  DSH o f  0 ,  0 . 5 ,  1 and 2%. No a d v e r s e  e f f e c t s  were 
o b s e rv e d  on food  i n t a k e ,  g ro w th  r a t e ,  u r i n a l y s i s ,  h a e m a to lo g y  n o r  serum  
b i o c h e m i s t r y  b u t  two a n im a ls  o f  t h e  2% DSH d o se  g ro u p  d e v e lo p e d  l a r g e  
u r i n a r y  b l a d d e r  c a l c u l i  composed m a in ly  o f  c a lc iu m  o x a l a t e .  S i m i l a r  
h i s t o p a t h o l o g i c a l  c h a n g e s  were e v i d e n t  in  t h e  u r i n a r y  s y s te m  o f  b o th  
t e s t  and  c o n t r o l  a n im a l s .
DSH was n o n -m u ta g e n ic  to  t h e  s t r a i n s  o f  S a lm o n e l l a  ty p h im u riu m  
TA 98, TA 100 , TA 1535 and TA 1537 i n  t h e  Ames t e s t .
^^C -  DSH and  ^^S -  DSH were a l s o  s y n t h e s i s e d  and  t h e i r  m e ta b o l i s m
( l i )
14 35s t u d i e d  i n  m ale  w i s t a r  a l b i n o  r a t s  and  CFl m ic e .  B oth  C- and  S -  
l a b e l l e d  DSH showed s i m i l a r  p a t t e r n s  o f  e x c r e t i o n  c o n s i s t e n t  w i th  
r a p i d ,  in c o m p le te  a b s o r p t i o n  from  th e  u p p e r  g a s t r o i n t e s t i n a l  t r a c t  
and r a p i d  e x c r e t i o n  o f  t h e  a b s o rb e d  DSH in  t h e  u r i n e  i n  b o th  s p e c i e s .  
T hese  o b s e r v a t i o n s  w ere  c o r r o b o r a t e d  by p lasm a  l e v e l s  s t u d i e s  o f  
^^C -  DSH and ^^S -  DSH and t i s s u e  d i s t r i b u t i o n  s t u d i e s  o f  ^^C -  DSH 
i n  b o th  s p e c i e s .  ^^C -  DSH was n o t  found  to  be c o v a l e n t l y  bound to  
p la sm a  p r o t e i n s  and  no e v id e n c e  was found  t h a t  DSH e n t e r e d  i n t e r m e d i ­
a r y  m e ta b o l i s m  i n  e i t h e r  s p e c i e s .  C h ro m a to g ra p h ic  s t u d i e s  i n d i c a t e d  
t h a t  DSH was m a in ly  e x c r e t e d  unchanged  i n  th e  u r i n e  i n  b o th  s p e c i e s .
A s h o r t - t e r m  s tu d y  (90 d a y s )  p e r fo rm e d  on m ale  w i s t a r  a l b i n o  
r a t s  f e d  s t o r e d  s u l p h i t e d  model d i e t s  r e v e a l e d  g ro w th  r e t a r d a t i o n ,  
t r a n s i e n t  a l o p e c i a  and  i n c r e a s e d  r e l a t i v e  w e ig h ts  o f  c e r t a i n  g a s t r o ­
i n t e s t i n a l  t r a c t  o r g a n s .  The m echanism s by w hich  t h e s e  e f f e c t s  o c ­
c u r r e d  a r e  d i s c u s s e d .
( I l l )
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Chapter 1
GENERAL INTRODUCTION
GENERAL INTRODUCTION
1 .1  T o x i c o l o g i c a l  e v a l u a t i o n  o f  s u lp h u r  d io x id e
S u lp h u r  d i o x i d e  i s  a w id e ly  u s e d  a d d i t i v e  in  th e  modern food  and 
b e v e ra g e  i n d u s t r y  i n  th e  fo rm s’ o f  g a s e o u s  s u lp h u r  d i o x id e  o r  t h e  sodium , 
p o t a s s i u m  o r  c a lc iu m  s a l t s  o f  s u l p h i t e ,  b i s u l p h i t e  o r  m e t a b i s u l p h i t e  
( J o n e s  and F low erdew , 1976 ) .
S u lp h u r  d i o x i d e  and i t s  r e l a t e d  i o n s  a r e  employed e x t e n s i v e l y  a s  
a n t i m i c r o b i a l  a g e n t s ,  e i t h e r  i n  t e r m i n a t i n g  a r e q u i r e d  p r im a ry  m i c r o b i a l  
a c t i o n  o r  a s  p r e s e r v a t i v e s  in  t h e  c o n t r o l  o f  s p o i l a g e  r e s u l t i n g  from  
s e c o n d a r y  m i c r o b i a l  a c t i o n . .  The a d d i t i v e  i s  a l s o  u se d  a s  i n h i b i t o r  o f  
enzymes whose a c t i o n s  can  r e s u l t  i n  a u t o l y t i c  s p o i l a g e  o f  t h e  food  com­
m o d ity ;  a s  c o n t r o l l e r  o f  b o th  enzym ic  and non -en zy m ic  b ro w n in g ;  a s  i n ­
h i b i t o r  o f  a u t o - o x i d a t i o n  and a s  a  m o d i f i e r  o f  p r o t e i n  s t r u c t u r e ,  p a r ­
t i c u l a r l y  i n  t h e  p r o d u c t i o n  o f  b i s c u i t  f l o u r s  and t e x t u r e d  v e g e t a b l e  
p r o t e i n  ( S c h r o e t e r ,1 9 6 6 ;  Mathew and  P a r p i a ,  1971; C h i c h e s t e r  and  T a n n e r ,  
1972; B u r r o u g h s ,  1974; S c h o le y  and R a w lin s o n ,  1974; Wade, 1974 )  ,
The w id e s p re a d  p r e s e n c e  o f  s u lp h u r  d i o x id e  in  p r o c e s s e d  fo o d  and 
b e v e r a g e s  can  r e s u l t  in  t h e  i n g e s t i o n  o f  v a r y i n g  am ounts  o f  a d d i t i v e  
r e s i d u e s  i n  e x c e s s  o f  t h e  recommended a c c e p t a b l e  d a i l y  i n t a k e  f o r  man 
( 0 - 0 . 7  mg/kg body w t . )  ( WHO, 1974 ) .  T h is  u n d e s i r a b l e  s i t u a t i o n  i s  
i l l u s t r a t e d  by Bigwood (1 9 7 3 )  who r e p o r t e d  t h a t  a 65 Kg man consum ing  
350 ml o f  w ine p e r  day  would have a p o t e n t i a l  d a i l y  i n t a k e  o f  68 -7 1  mg 
o f  s u lp h u r  d i o x i d e ,  a  f i g u r e  in  e x c e s s  o f  t h e  recommended a c c e p t a b l e ,  
d a i l y  i n t a k e  o f  4 5 . 5 -  4 9 .0  m g /S O ^/average  m a n /d a y .
T h e re  i s  a l s o  c o n s i d e r a b l e  c o n c e rn  a b o u t  t h e  e f f e c t s  a r i s i n g  f rom  
t h e  i n g e s t i o n  o f  s u l p h u r - c o n t a i n i n g  r e a c t i o n  p r o d u c t s  form ed t h r o u g h  
v a r i o u s  c h e m ic a l  r e a c t i o n s  w hich  can  o c c u r  in  t h e  s u lp h u r  d i o x i d e - t r e a t e d  
food  m a t r i x  .
A n o th e r  f o c u s  o f  a t t e n t i o n  i s  t h e  p o t e n t i a l  m u ta g e n ic  p r o p e r t i e s  
o f  s u lp h u r  d i o x i d e  in  m ic ro o rg a n is m s  and in  mammalian s y s te m s .
The i n f o r m a t i o n  a c c u m u la te d  t h r o u g h  th e  s a f e t y - i n - u s e  e v a l u a t i o n s  
o f  s u lp h u r  d i o x i d e  h a s  form ed a s u b j e c t  o f  c u r r e n t  i n t e r e s t  t o  t o x i c o l ­
o g i s t s .
1 . 1 . 1  A cu te  s t u d i e s
R o s t  and  F ra n z  (1 9 1 2 )  r e p o r t e d  p a i n  in  t h e  s tom ach  and e r u c t a t i o n  
in  human v o l u n t e e r s  a f t e r  a  s i n g l e  do se  o f  4 g Na^ SO^ . In  a n o t h e r  s u b ­
j e c t ,  5 .8 g  Na 2  SOg c a u se d  s e v e r e  i r r i t a t i o n  o f  th e  s tom ach  and  i n t e s t i n e  .
W hile  few  v o l u n t e e r s  were s e n s i t i v e  to w ard  s u lp h u r  d i o x i d e  a v e r y  
few showed t o x i c  symptoms from  a  s i n g l e  o r a l  dose  o f  l .O g  Na 2  SO^ (508 mg 
o f  s u lp h u r  d i o x i d e ) ,  how ever ,  L a f o n t a i n e  and G o b le t  (1 9 5 5 )  found  t h a t  
t h e  v o m i t in g  r e f l e x  i n  man a p p e a re d  r e g u l a r l y  w i th  d o s e s  o f  s u l p h i t e  
e q u i v a l e n t  t o  3 .5  mg SO^/Kg body wt (250 mg S O ^ /d o se )  .
The o r a l  o f  s u l p h i t e  i n  r a b b i t s ,  m easured  a s  SO^, was found
t o  be b e tw een  600 and 700 mg/Kg body wt (R o s t  and F r a n z ,  1912) . The 
o r a l  f o r  r a t  and mouse was a ro u n d  615 mg SO2  /Kg body wt f o r  i n ­
g e s t e d  b i s u l p h i t e  (FIRL, 1972) .
Hoppe and  Goble  (1951 )  d e te r m in e d  th e  o f  sod ium  b i s u l p h i t e
and s u l p h i t e ,  g iv e n  i n t r a v e n o u s l y  i n  a  v a r i e t y  o f  s p e c i e s  . The 
v a l u e s  found  r a n g e d  from  65 mg/Kg body wt i n  r a b b i t s  t o  130 mg/Kg body wt 
i n  m ic e ,  m easu red  a s  sod ium  b i s u l p h i t e .
The t o x i c i t y  o f  i n t r a p e r i t o n e a l  sodium  b i s u l p h i t e  was i n v e s t i g a t e d  
by W i lk in s  _et (1 9 6 8 )  i n  d i f f e r e n t  s p e c i e s  and a t  s e v e r a l  c o n c e n t r a ­
t i o n s  o f  t h e  s a l t  .
The i n t r a p e r i t o n e a l  v a l u e s ,  m easu red  a s  sod ium  b i s u l p h i t e ,
r a n g e d  from  498 mg/Kg body wt in  r a t s  t o  244 mg/Kg body wt in  d o g s ,  a t  
a  c o n c e n t r a t i o n  o f  b i s u l p h i t e  s o l u t i o n  o f  25 g /1 0 0  m l . .  The i n t r a -
p e r i t o n e a l  o f  sodium  b i s u l p h i t e  in  r a t s  was found t o  d e c r e a s e
(740 - 498 mg NaHSO^ /Kg body w t)  w i th  i n c r e a s i n g  c o n c e n t r a t i o n  o f  th e  
b i s u l p h i t e  s o l u t i o n s  u se d  ( 1 .2 5  - 25 g NaHSO^ /1 0 0  ml) . Mice were 
found  to  have a lo w e r  i n t r a p e r i t o n e a l  (675 mg NaHSO^ /Kg body w t)
th a n  r a t s  (740 mg NaHSO^ /Kg body w t)  a t  a c o n c e n t r a t i o n  o f  t h e  s a l t  
o f  1 .2 5  g NaHSO /lOO ml.
The r e v ie w e d  i n f o r m a t i o n  on th e  a c u t e  t o x i c i t y  o f  s u lp h u r  d i o x id e  
i n d i c a t e d  t h a t ,  i n  t h e  s p e c i e s  s t u d i e d ,  th e  o r a l  was g r e a t e r
th a n  th e  i n t r a v e n o u s  (770 - 1750%) and th e  i n t r a p e r i t o n e a l
(140 - 330%).
1 . 1 . 2  S h o r t - t e r m  s t u d i e s
One o f  t h e  f e a t u r e s  o f  t h e  s h o r t - t e r m  t o x i c i t y  s t u d i e s  on s u lp h u r  
d i o x id e  h a s  b e e n  t h e  p u b l i c a t i o n  o f  c o n t r a d i c t o r y  r e s u l t s  r e g a r d i n g  
o b s e r v a t i o n s  on g ro w th  r e t a r d a t i o n  o f  t h e  e x p e r i m e n t a l  a n im a ls  u s e d  
(R o s t  and F r a n z ,  1912; L o c k e t t ,  1957; B haga t  and L o c k e t t ,  1964; J a u lm e s ,  
1964; C a u s e r e t ,  1964 ; T i l  e t  a l ,  1972 ; T i l  e t  1972 a ) .
The a v a i l a b l e  i n f o r m a t io n  s u g g e s t s  t h a t  s u lp h u r  d i o x id e  was a s ­
s i m i l a t e d  by e x p e r i m e n t a l  a n i m a l s ,  w i t h o u t  o b v io u s  a d v e r s e  e f f e c t s ,  
a t  a  h i g h e r  d i e t a r y  l e v e l  when i t  was a d m i n i s t e r e d  in  t h e  d r i n k i n g  
w a te r  o r  when s u l p h i t e d  w i n e , ( J a u l m e s ,  1964) was s u b s t i t u t e d  f o r  t h e  
d r i n k i n g  w a t e r ,  t h a n  when s u l p h i t e d  s o l i d  d i e t s  were u se d  (B h a g a t  and 
L o c k e t t ;  1964) .
The p r e s e n c e  o f  g a s t r i c  h a e m o r rh a g e s  and l e s i o n s  in  dogs  and r a b ­
b i t s  (R o s t  and  F r a n z ,  1 9 1 2 ) ,  c a t t l e  (Luedke e t  a l ,  1 9 5 9 ) ,  r a t s  and  p i g s  
( T i l  £ t  a l ,  1972 ; T i l  e t  a l ,  1972 a ;  F e ro n  and W e n sv o o r t ,  1972) were 
r e p o r t e d  t o  be p ro v o k ed  by th e  a d m i n i s t r a t i o n  o f  h ig h  l e v e l s  (above  1%) 
o f  s u l p h i t e  o r  m e t a b i s u l p h i t e  e i t h e r  i n  t h e  d i e t  o r  i n t r a g a s t r i c a l l y . 
However, no g a s t r i c  l e s i o n s  were o b s e rv e d  i n  r a t s  when s u l p h i t e  was
a d m i n i s t e r e d  a t  low er  d i e t a r y  l e v e l s  o r  in  t h e  d r i n k i n g  w a te r  (34 - 56 mg/
Kg body w t / d a y )  ( C a u s e r e t ,  1964) o r  when s u l p h i t e d  wine was s u b s t i t u t e d  
f o r  t h e  d r i n k i n g  w a te r  ( J a u lm e s ,  1964) ,
O th e r  t o x i c o l o g i c a l  a s p e c t s  em erg ing  from  th e  s h o r t - t e r m  s t u d i e s  
were d i a r r h o e a  in  r a t s  f e d  s u l p h i t e d  d i e t s  a t  d i e t a r y  l e v e l s  o f  0.6%
(B h ag a t  and L o c k e t t ,  1964) and 4% ( T i l  e t  a n , 1 9 7 2 ) ;  o c c u l t  b lo o d  in  
t h e  f a e c e s  o f  r a t s  f e d  s u l p h i t e  a t  d i e t a r y  l e v e l s  o f  1% o r  ab o v e ;  d e c r e a s e d  
h a e m o g lo b in  c o n t e n t ,  h a e m a t o c r i t  v a lu e  and e r y t h r o c y t e  c o u n t  i n  r a t s  fe d  
s u l p h i t e  a t  a d i e t a r y  l e v e l  o f  2% o r  ab o v e ;  s p l e e n  e n la r g e m e n t  in  r a t s  • 
f e d  s u l p h i t e  a t  a  d i e t a r y  l e v e l  o f  4% o r  ab o v e ;  i n c r e a s e d  t o t a l  l e u c o ­
c y t e s  c o u n t  and  h y p o c h ro m a s ia , p o l y c h r o m a s i a , a n i s o c y t o s i s  and b a s o p h i l i c  
s t i p p l i n g  o f  t h e  e r y t h r o c y t e s  o f  r a t s  f e d  s u l p h i t e  a t  a d i e t a r y  l e v e l  o f  
6% ( T i l  _et 1 9 7 2 ) . .  S t u d i e s  on p i g s  p l a c e d  on s u l p h i t e d  d i e t s  (1 .72% ) 
found  e l e v a t e d  o rg a n /b o d y  w e ig h t  r a t i o s ,  b l a c k  c o l o u r a t i o n  o f  t h e  c a e c a l  
mucosa and h i s t o p a t h o l o g i c a l  l i v e r  c h a n g e s  ( T i l  e_t 1972 a ) .
1 . 1 . 3  L o n g - te rm  s t u d i e s
E x p e r im e n t s  on r a t s  f e d  s u l p h i t e d  d i e t s  (0 .0 1 2 5  -  2%) f o r  up t o  
two y e a r s  showed t o x i c  symptoms in  t h e  a n im a ls  in  t h e  fo rm  o f  i n h i b i t i o n  
o f  g ro w th ,  d i a r r h o e a  and some h i s t o p a t h o l o g i c a l  c h a n g e s  a t  o r  above th e
0.1% d ose  l e v e l  ( F i t z h u g h  _et 1 9 4 6 ) .
T i l  ^  (1 9 7 2 )  a l s o  found  s l i g h t  g row th  r e t a r d a t i o n  in  m u l t i -
g e n e r a t i o n  s t u d i e s  on r a t s  fed  2% sodium  m e t a b i s u l p h i t e  in  t h e  d i e t  f o r  
up t o  two y e a r s ,  however i t  was n o t  a d o s e - r e l a t e d  e f f e c t  and th e  w e ig h t  
d i f f e r e n c e s  c o u ld  p a r t l y  be e x p l a i n e d  by th e  h i g h e r  i n i t i a l  body w e ig h ts  
o f  t h e  c o n t r o l s .
C lu z a n  _et ^  (1 9 6 5 )  r e p o r t e d  i n c r e a s e d  p e r i p h e r a l  l e u c o c y te  c o u n t s  
in  male r a t s  t r e a t e d  w i t h  30 - 60 mg SO^ /Kg body wt / d a y  and i n c r e a s e d
s p le e n  w e ig h t  in  fem a le  r a t s  dosed  w i th  40 - 80 mg SO^ /Kg body w t / d a y '  
in  t h e  d r i n k i n g  w a te r  ' o v e r  a p e r i o d  o f  20 months f o r  b o th  s e x e s  .
L anteaum e _et aR (1 9 6 5 )  found r e d u c t i o n  in  h e p a t i c  c e l l u l a r  r e s ­
p i r a t i o n  in  v i t r o  in  r a t s  g iv e n  d a i l y  d o s e s  o f  3 - 1 3 .5  mg SO^ /Kg 
body wt / d a y  in  wine f o r  fou r-  s u c c è s iv e  g e n e r a t i o n s  and up t o  one y e a r  
T i l  _et ad. (1 9 7 2 )  o b s e rv e d  h y p e r p l a s t i c  o r  in f la m m a to ry  c h a n g es  
in  b o th  t h e  f o r e -  and g l a n d u l a r  s tom ach  and o c c u l t  b lo o d  in  t h e  f a e c e s  
o f  r a t s  f e d  sod ium  m e t a b i s u l p h i t e  a t  a d i e t a r y  l e v e l  o f  1% f o r  up t o  
two y e a r s .  An i n c r e a s e  i n  t h e  r e l a t i v e  w e ig h ts  o f  t h e  k id n e y s  o f  r a t s  
f e d  sod ium  m e t a b i s u l p h i t e  a t  a d i e t a r y  l e v e l  o f  2% f o r  up t o  two y e a r s  
was a l s o  o b s e r v e d .
T i l  _et aJ. (1972 a )  found  d e c r e a s e d  g ro w th ,  i n c r e a s e d  o rg an  to  
body w e ig h t  r a t i o s ,  in f la m m a to ry  and h y p e r p l a s t i c  c h a n g es  in  t h e  g a s ­
t r i c  mucosa o f  p i g s  t r e a t e d  w i th  d i e t s  c o n t a i n i n g  0 .8 3  and 1.72% s o ­
dium m e t a b i s u l p h i t e  f o r  48 weeks . A p a i r e d - f e e d i n g  s tu d y  i n d i c a t e d  
t h a t  t h e  e f f e c t s  o f  sod ium  m e t a b i s u l p h i t e  on g row th  were due t o  l e s s  
p a l a t a b l e  d i e t s .  I n  c o n t r a s t  t o  t h e  r e s u l t s  o b t a i n e d  in  r a t s  ( T i l  
e t  a l ,  1972) n e i t h e r  anaem ia  n o r  o c c u l t  b lo o d  in  t h e  f a e c e s  r e s u l t e d  
from  f e e d i n g  s u l p h i t e d  d i e t s  t o  p i g s  in  t h e s e  s t u d i e s  .
The n o - e f f e c t  l e v e l  o f  sodium  m e t a b i s u l p h i t e  in  t h e  d i e t  e s t a b - -  
l i s h e d  f o r  p i g s  o v e r  48 weeks was 0.35% ( T i l  _et aT , 1972 a )  and f o r  
r a t s  o v e r  2 y e a r s  i t  was 0.215% ( e q u i v a l e n t  t o  72 mg SO^ /Kg body w t/  
d a y )  ( T i l  e t  a J ,  1 9 7 2 ) .
T h e re  was no i n d i c a t i o n  in  any  o f  th e  l o n g - t e r m  s t u d i e s  r e ­
v iew e d  t h a t  i n g e s t e d  s u lp h u r  d i o x id e  had any c a r c i n o g e n i c  e f f e c t .
1 . 1 . 4  I n t e r a c t i o n s  o f  s u lp h u r  d i o x id e  w i t h  d i e t a r y  com ponents
1 . 1 . 4 . 1  T h iam ine
I t  i s  p r o b a b le  t h a t  a t  l e a s t  p a r t  o f  t h e  c o n t r o v e r s y  in  t h e
l i t e r a t u r e  a b o u t  th e  o r a l  t o x i c i t y  o f  s u lp h u r  d i o x id e  ( S e c t i o n s  1 . 1 . 2  
and 1 . 1 . 3 )  i s  r e l a t e d  t o  d i f f e r e n c e s  in  th e  th ia m in e  s t a t u s  o f  th e  
a n im a ls  u s e d ,  s i n c e  i t  i s  known t h a t  s u lp h u r  d io x id e  can d e s t r o y  t h i ­
amine by a d e g r a d a t i v e  r e a c t i o n  w hich  a p p e a r s  t o  in v o lv e  a n u c l e o p h i l i c  
d i s p l a c e m e n t  a t  t h e  m eth y len e  c a rb o n  j o i n i n g  th e  two r i n g  sy s te m s  o f  
th ia m in e  (W i l l i a m s  e_t a l., 1 9 3 5 ) .  The p r o d u c t s  o f  t h i s  r e a c t i o n  a r e
2 -m e th y T -4 -a m in o -5  p y r im id y lm e th y l s u lp h o n ic  a c i d  and 5 - ( 2 - h y d r o x y e t h y l )  
- 4 - m e t h y l t h i a z o l e . The c h e m i s t r y  o f  s u l p h i t e  c le a v a g e  o f  th ia m in e  h a s  
been  e x t e n s i v e l y  s t u d i e d  in  v ie w  o f  t h e  s i g n i f i c a n c e  o f  t h i s  r e a c t i o n  
in  p r e s e r v e d  f o o d s ,  and p a r t i c u l a r l y  in  d e h y d r a t e d  v e g e t a b l e s  and f r u i t s  
t r e a t e d  w i t h  s u lp h u r  d i o x id e  t o  i n h i b i t  b row ning  ( J o s l y n  and L e i c h t e r ,  
1968; H ermus, 1969 ; L e i c h t e r  and J o s l y n ,  1969; Oguntona and B e n d e r ,
1976; Luh e t  a l ,  1 9 7 8 ) .  . •
. A l th o u g h  p r e c a u t i o n s  have been  t a k e n  in  c e r t a i n  e x p e r im e n t s  to  
a v o id  t h e  p o s s i b i l i t y  t h a t  a  d e f i c i e n c y  o f  t h ia m in e  c o u ld  o c c u r ,  p r i o r  
t o  i t s  i n g e s t i o n  by e x p e r i m e n t a l  a n im a l s ,  a  g e n e r a l  c o n s e n s u s  on th e  
p r o b a b i l i t y  o f  t h e  d e s t r u c t i o n  o f  t h e  v i t a m i n  in  v iv o  a f t e r  i n g e s t i o n  
o f  s u lp h u r  d i o x i d e  re m a in s  t o  be a c h ie v e d  ( L o c k e t t ,  1957; C a u s e r e t  e t  
a l , 1965 ; T i l  e_t 1972; T i l  _et aJ., 1972 a ) .  M oreover ,  s t u d i e s  on 
r a t s  f e d  s u l p h i t e d  d i e t s  p o i n t  to  t h e  f o rm a t io n  o f  some t o x i c  i n t e r ­
a c t i o n  compound ( F i t z h u g h  e t  a l ,  1946; H ed in ,  1962; B h a g a t  and L o c k e t t ,  
1 9 6 4 ) .  The e a r l y  form  o f  t o x i c i t y  o b s e rv e d ,  c h a r a c t e r i s t i c  o f  d i e t s  
u se d  w i t h i n  two months o f  p r e p a r a t i o n ,  p ro v ed  t o  be a t h ia m in e  d e f i ­
c i e n c y  c o m p l ic a t e d  by th e  p r e s e n c e  o f  weak a n t i t h i a m i n e  a c t i v i t y .  The 
l a t e r  fo rm  o f  t o x i c i t y ,  w hich  d e v e lo p e d  in  d i e t s  s t o r e d  f o r  up t o  a 
y e a r ,  was o n ly  p a r t i a l l y  r e v e r s e d  by l a r g e  am ounts o f  th ia m in e  and was 
accom pan ied  by d i a r r h o e a .
1 . 1 . 4 , 2  R e d u c in g  s u g a r s  and o t h e r  c a r b o n y l  compounds
S u lp h u r  d i o x id e  can  a l s o  r e a c t  w i th  r e d u c i n g  s u g a r s  and o t h e r  
c a r b o n y l  compounds t o  fo rm  h y d r o x y s u lp h o n a te s  o f  v a r y i n g  d e g r e e s  o f  
s t a b i l i t y  (B raverm an , 1953 , B u rro u g h s  and S p a r k s ,  1973; B u rro u g h s  
and S p a rk s  ; 1973 a ; B u r ro u g h s  and S p a r k s ,  1973 b ) .
P r e d i c t a b l y ,  c o n s i d e r i n g  th e  r e a d y  d i s s o c i a t i o n  o f  th e  m a j o r i t y  
o f  h y d r o x y s u lp h o n a te s  in  v i t r o , t h e i r  m e ta b o l is m  and e f f e c t s  in  v iv o  
d id  n o t  d i f f e r  from  t h o s e  a r i s i n g  from  th e  a d m i n i s t r a t i o n  o f  s u l p h i t e  
io n s  a lo n e  (Lanteaum e _et aJ., 1969; G ibson  and S t r o n g ,  1976 ) .
S t a b l e  s u l p h o n a t e s  can  be form ed d u r in g  th e  i n h i b i t i o n  o f  no n -  
enzym ic  b row ning  r e a c t i o n s  by s u lp h u r  d i o x id e  in  food  and b e v e ra g e s  
( S e c t i o n  1 . 2 ) .  3 - D e o x y - 4 - s u lp h o p e n to s u lo s e  i s  form ed in  t h e  c a s e  o f  
a s c o r b i c  a c i d  b row n ing  (W edzicha and McWeeny, 1974) w h e re as  3 -d e o x y -  
4 - s u lp h o h e x o s u lo s e  o c c u r s  in  t h e  s u l p h i t e - i n h i b i t e d  M a i l l a r d  r e a c t i o n  
(K now les, 1 9 7 1 ) .  B o th  p r o d u c t s  have been  i d e n t i f i e d  in  s t o r e d ,  
d e h y d r a t e d  cabbage  (W edzicha  and McWeeny, 1974 a )  and t h e i r  c o n c e n ­
t r a t i o n s  m easu red  in  c e r t a i n  fo o d s  (W edzicha and McWeeny, 1 9 7 5 ) .
W edzicha and Imeson (1 9 7 7 )  s u g g e s te d  t h a t  3 - d e o x y - 4 - s u l p h o -  
p e n to s u l o s e  d ih y d r o x y s u lp h o n a te  m igh t  be form ed d u r in g  th e  i n h i b i t i o n  
o f  n o n -en z y m ic  b row n ing  o f  a s c o r b i c  a c i d  by a l a r g e  e x c e s s  o f  s u l p h i t e  
io n s  in  model s y s te m s .  The e x i s t e n c e  o f  t h e  t r i s u l p h o n a t e  compound 
h a s  y e t  t o  be c o n f i rm e d  in  s u l p h i t e d  fo o d s  and b e v e r a g e s .
The t o x i c o l o g i c a l  and n u t r i t i o n a l  c o n se q u e n c e s  o f  th e  a d m i n i s ­
t r a t i o n  o f  s t a b l e  s u l p h o n a t e s  a r e  t o p i c s  t h a t  r e q u i r e  t h e  e x p e n d i t u r e  
o f  f u r t h e r  r e s e a r c h  e f f o r t .
1 . 1 . 4 . 3 '  P r o t e i n s
S u lp h u r  d i o x id e  i s  w id e ly  u se d  in  t h e  b i s c u i t  i n d u s t r y  t o  m odify  
th e  T h e o l o g i c a l  p r o p e r t i e s  o f  h a rd  sw ee t  b i s c u i t  doughs by s p l i t t i n g
d i s u l p h i d e  bonds  in  t h e  g l u t e n  n e tw o rk  in  t h e  dough (Wade, 1 9 7 2 ) .
T h e w l i s  and Wade (1974 )  showed t h a t  63% o f  t h e  s u lp h u r  added t o  t h e  
doughy a s  s u l p h i t e  o r  m e t a b i s u l p h i t e ,  was p r e s e n t  in  an o r g a n i c  form , 
p o s s i b l y  a s  S - s u l p h o p r o t e i n s .
B haga t  and L o c k e t t  (1964 )  r e p o r t e d  t h a t  a u t o c l a v i n g  c a s e i n  w i th  
sodium  m e t a b i s u l p h i t e ,  p r i o r  t o  t h e i r  a d d i t i o n  t o  th e  d i e t ,  r e s u l t e d  
in  r e d u c t i o n  i n  t h e  g row th  o f  f em a le  r a t s  w hich  c o u ld  n o t  be a t t r i b ­
u t e d  t o  t h e  e f f e c t s  o f  h e a t  a lo n e  on t h e  c a s e i n .  A t t e m p ts  t o  c o r r o b ­
o r a t e  t h i s  f i n d i n g  have f a i l e d  and no e x p l a n a t i o n s  f o r  t h e  d i f f e r e n c e s  
in  r e s u l t s  c o u ld  be o f f e r e d  (G ibson  and S t r o n g ,  1 9 7 4 ) .
Some d i f f i c u l t y  in  t h e  u t i l i z a t i o n  by r a t s  o f  o r a l l y  a d m i n i s t e r e d
35S -  s u l p h i t e d  r a t - s e r u m  p r o t e i n  p r e p a r a t i o n s  and m a jo r  a c c u m u la t io n  
o f  r a d i o a c t i v i t y  in  t h e  l i v e r  and s p le e n  o f  r a t s  i n j e c t e d  w i t h  t h e  
p r o t e i n  p r e p a r a t i o n s  v i a  t h e  e x t e r n a l  j u g u l a r  v e i n  (G ibson  and" S t r o n g ,  
1974) s u g g e s t e d  t h a t  s u l p h i t e d  p r o t e i n s  p r e p a r e d  in  v i t r o  ( C o l e , 1967) 
m igh t  d i f f e r  s i g n i f i c a n t l y  from  p r o t e i n s  n a t u r a l l y  s u l p h i t e d  i n  v i v o  
(Yokoyama, e t  aR, 1 9 7 1 ) .  The fo rm e r  c o u ld  a p p e a r  a s  f o r e i g n  p r o t e i n s  to  
th e  imiTiune s y s te m  o f  th e  e x p e r i m e n t a l  a n im a ls  u s e d  and r e s u l t  in  t h e  
o b s e rv e d  a c c u m u la t io n  o f  r a d i o a c t i v i t y  in  t h e  l i v e r  and s p l e e n .
In  v i t r o  s u l p h i t o l y s i s  o f  compounds o f  p h y s i o l o g i c a l  im p o r ta n c e  
whose s t r u c t u r e s  and b i o l o g i c a l  a c t i v i t i e s  depend  on t h e  i n t e g r i t y  o f  
d i s u l p h i d e  b r i d g e s  ( C e c i l  and L o a n in g ,  1960; G un n iso n  and B e n to n ,
1971) a r e  a s p e c t s  t h a t  w i l l  n eed  f u r t h e r  i n v e s t i g a t i o n .
1 . 1 . 4 . 4  M is c e l l a n e o u s  r e a c t i o n s
The t o x i c o l o g i c a l  and n u t r i t i o n a l  i m p l i c a t i o n s  o f  t h e  r e a c t i v i t y  
o f  s u l p h u r  d i o x i d e  w i th  f o l a t e  and d i h y d r o f o l a t e  (V o n d e rs c h m it t  e t  a l ,  
1 9 6 7 ) ,  v i t a m i n  (G ree n b e rg  a J ,  1971; K a lu s  and F i l b y ,  1 9 7 6 ) ,
10
(3-  c a r o t e n e  ( P e i s e r  and Yang, 1 9 7 9 ) ,  i s o a l l o x a z i n e s  (H e v e s i  and B r u i c e ,  
1 9 7 3 ) ,  p t e r i d y l  g r o u p in g s  ( A l b e r t  and Me Cormack, 196 5 ) ,  n i c o t in a m id e  
a d e n in e  d i n u c l e o t i d e  ( S h ih  and P e t e r i n g ,  1973; Jo h n so n  and Woo, 1976; 
Tuazon and J o h n s o n ,  1 9 7 7 ) ,  m e th io n in e  ( In o u e  and H a y a tsu ,  1 9 7 1 ) ,  a d r e n a ­
l i n e  (H ig u c h i  and S c h r o e t e r ,  1969) and l i p i d s  (K ap lan  _et 1974; K aplan  
e t  a l , 1 9 7 5 ) ,  e i t h e r  in  t h e  d i e t  o r  in  v i v o  a r e  f a c e t s  o f  th e  s u lp h u r  
d i o x id e  c h e m is t r y  t h a t  rem a in  t o  be a s s e s s e d  ( P e t e r i n g  and S h ih ,  1 9 7 5 ) .
1 . 1 . 5  M e ta b o l ic  s t u d i e s
S e v e r a l  s t u d i e s  in  many s p e c i e s  have  r e p o r t e d  t h a t  i n g e s t e d  
s u l p h i t e  was m e ta b o l i z e d  t o  s u lp h a t e  and th e n  e x c r e t e d ,  m a in ly  in  th e  
u r i n e ,  w i t h o u t  any  o b v io u s  p a t h o l o g i c a l  e f f e c t s  (B h a g a t  and L o c k e t t ,
1960; G ib so n  and S t r o n g ,  1 9 7 3 ) .
35A l a r g e  p r o p o r t i o n  (70 - 95%) o f  t h e  i n g e s t e d  S —s u l p h i t e  (10
and 50 mg SO^ /Kg body w t)  was a b s o rb e d  and v o id e d  in  t h e  u r i n e  o f  r a t s ,
35mice and monkeys w i t h i n  24 h r .  Most o f  t h e  r e m a in in g  S was e l i m i n ­
a t e d  in  t h e  f a e c e s ,  t h e  r a t e  o f  t h i s  e l i m i n a t i o n  b e in g  s p e c i e s - d e p e n d e n t .  
35 .R e s i d u a l  S in  t h e  a n im a l  c a r c a s s e s  a f t e r  one week a c c o u n te d  f o r  2%
o r  l e s s  o f  t h e  a d m i n i s t e r e d  dose  in  a l l  c a s e s  (G ibson  and S t r o n g ,  1 9 7 3 ) .
No f r e e  s u l p h i t e  was d e t e c t e d  in  r a t  u r i n e  a f t e r  a d m i n i s t r a t i o n
o f  a s i n g l e  o r a l  d o se  o f  400 mg SO^ /Kg body wt (G ibson  and  S t r o n g ,  1 9 7 3 ) .
35A c c u m u la t io n  s t u d i e s  o f  S -  s u l p h i t e  in  r a t s  (50 mg SO^ /Kg body
wt f o r  2 , 7 and 14 d a y s )  showed t h a t  t h e  more r a p i d  i n i t i a l  u p ta k e  o f  
35S i n t o  t i s s u e  i n v o lv e d  th e  stom ach  and i n t e s t i n e s .  The a c c u m u la t io n  
o f  r a d i o a c t i v i t y  a p p e a r e d  s i m i l a r  f o r  a l l  t h e  t i s s u e s  s t u d i e d  e x c e p t  s k in  
and h a i r ,  s tom ach  and p o s s i b l y  th e  i n t e s t i n e  where a g r e a t e r  c o n c e n t r a t i o n
35 •
o f  S was found  (G ibson  and S t r o n g ,  1 9 7 4 ) .
G unn ison  _et aJ. (1974 )  s t u d i e d  th e  a b s o r p t i o n  and m e ta b o l i s m  o f  a 
s t a n d a r d  do se  o f  2 mmol s u l p h i t e / K g  body wt a d m i n i s t e r e d  v i a  g a s t r i c
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i n t u b a t i o n  in  mouse, r a t ,  r a b b i t ,  r h e s u s  monkey and baboon. These  
w o rk e rs  found t h a t  t h e  r a t e  o f  s u l p h i t e  a b s o r p t i o n  was s i m i l a r ,  and 
h i g h l y  d e p e n d e n t  upon th e  r a t e  o f  g a s t r i c  e m p ty in g ,  in  a l l  t h e  s p e c i e s  
t e s t e d .  I t  was a l s o  found  t h a t  th e  m e ta b o l is m  o f  p lasm a  s u l p h i t e ,  a s  
r e f l e c t e d  by peak  p lasm a s u l p h i t e  c o n c e n t r a t i o n s ,  v a r i e d  be tw een  r a b ­
b i t s  and p r i m a t e s  (1000 nm ol/m l p la sm a )  and r a t s  and mice (100 nm ol/m l 
p la s m a )  i n d i c a t i n g  t h a t  t h e  r o d e n t s  s p e c i e s  were a b l e  t o  m e ta b o l i z e  
i n g e s t e d  s u l p h i t e  more r a p i d l y  th a n  r a b b i t s  o r  t h e  p r i m a t e s .  The 
i n t e r s p e c i e s  v a r i a t i o n  in  th e  m e ta b o l is m  o f  i n g e s t e d  s u l p h i t e  found 
in  t h i s  work s u g g e s t e d  some c a u t i o n  in  t h e  e x t r a p o l a t i o n  t o  man o f  
e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  in  r a t s  o r  m ice .
A m a th e m a t ic a l  model h a s  been  d e v e lo p e d  in  w hich  th e  e f f i c i e n c y  
o f  e l i m i n a t i o n  o f  b i s u l p h i t e  i n j e c t e d  i n t r a v e n o u s l y  i s  e x p r e s s e d  in  
te rm s  o f  " c l e a r a n c e "  (G unnison  and P a lm es ,  1 9 7 6 ) .  C le a ra n c e  l e v e l s  
c o u ld  n o t  be e s t i m a t e d  a c c u r a t e l y  a t  low dose  - l e v e l s ,  how ever .
P u b l i s h e d  e v id e n c e  i n d i c a t e s  t h a t  s u l p h i t e  b in d s  t o  c o n s t i t u e n t s  
o f  r a b b i t  p la s m a ,  b o th  in  v i t r o  and in  v i v o , p re su m a b ly  by s p l i t t i n g  
t h e  d i s u l p h i d e  bonds w i th  th e  r e s u l t i n g  f o rm a t io n  o f  S - s u l p h o n a t e s  
( t h i o s u l p h a t e  e s t e r s )  (G unnison  and B en ton , 1971 ) .  K i n e t i c  a n a l y s i s  
r e v e a l e d  t h a t  t h e  speed  o f  c l e a r a n c e  o f  S - s u l p h o n a t e s  from  p lasm a  
v a r i e d  g r e a t l y  d e p e n d in g  on th e  r o u t e  o f  s u l p h i t e  a d m i n i s t r a t i o n .
The d i f f u s i b i l i t y  o f  exogenous  p lasm a S - s u l p h o n a t e s  i n v e s t i g a t e d  
by d i a l y s i s  p r o c e d u r e s  was a l s o  found t o  be d e p e n d e n t  on th e  d osage  
p r o t o c o l  (G unn ison  and P a lm es ,  1 9 7 3 ) .  G unn ison  and B enton  (1 9 7 1 )  
d e m o n s t r a t e d  t h e  p r e s e n c e  o f  S - s u l p h o n a t e s  in  th e  p lasm a  o f  n o rm a l ,  
u n t r e a t e d  r a b b i t s  and s e v e r a l  i n v e s t i g a t o r s  ( W in e l l  and M a n n erv ik ,  1969 ; 
S o rb o ,  1958, S o rbo  1964) have showed t h a t  c e r t a i n  S - s u l p h o n a t e s  a r e  
p o t e n t i a l  s o u r c e s  o f  s u l p h i t e .  T h e r e f o r e ,  t h e  e q u i l i b r i u m  be tw een
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i n t a c t  d i s u l p h i d e  bonds in  p lasm a p r o t e i n s  and th e  fo rm a t io n  o f  S - s u l p h o ­
n a t e s  may s e r v e  n o r m a l ly  a s  a  m echanism  f o r  t h e  t r a n s p o r t  o f  s u l p h i t e  
t o  t h e  d i f f e r e n t  t i s s u e s  o f  t h e  body. A l t e r n a t i v e l y ,  f o rm a t io n  o f
S - s u l p h o n a t e s  may a f f o r d  p r o t e c t i o n  t o  t h e  body from  e x p o s u re  t o  e x o g e ­
no u s  s u lp h u r  d i o x i d e  (G unnison  and B en to n ,  1 9 7 1 ) .
The m e ta b o l i s m  o f  p r o t e i n - S - s u l p h o n a t e s  in  v iv o  seems t o  im ply  
th e  l i b e r a t i o n  o f  s u l p h i t e  from  th e  p r o t e i n  r e s i d u e s  and th e  o x i d a t i o n  
to  s u l p h a t e  p r i o r  t o  e x c r e t i o n  (G unnison  and P a lm es ,  1973; G ibson  and 
S t r o n g ,  1 9 7 4 ) .
The u l t i m a t e  m e t a b o l i c  f a t e  o f  t h e  m a j o r i t y  o f  t h e  s u l p h i t e  p o o l  
i s  e n z y m a t ic  o x i d a t i o n  to  s u l p h a t e  by th e  enzyme s u l p h i t e  o x id a s e  
(MacLeod _et 1 9 6 1 ) .
1 . 1 . 6  S u l p h i t e  o x id a s e
S chm id t  and C l a r k  (1922 )  r e p o r t e d  t h a t  a d m i n i s t r a t i o n  o f  sod ium  
s u l p h i t e  t o  dog and man r e s u l t e d  in  t h e  r a p i d  in  v iv o  o x i d a t i o n  t o  
i n o r g a n i c  s u l p h a t e  b u t  i t  was Heimberg _et aT (1953 )  who showed t h a t  t h e  
r e a c t i o n  was enzyme c a t a l y z e d ;  t h e  enzyme h a s  been te rm ed  s u l p h i t e  
o x id a s e  ( s u l p h i t e :  f e r r i c y to c h r o m e  c o x i d o r e d u c t a s e ) .
S u l p h i t e  o x id a s e  from  b o v in e  l i v e r  was p u r i f i e d  by Cohen and  
F r i d o v i c h  (1 9 7 1 )  and was found  t o  b e . a  h a e m o p ro te in  (Cohen and F r i d o v i c h ,  
1971 a )  and t o  c o n t a i n  molybdenum (Cohen _et aR, 1 9 7 1 ) .  The enzyme a l s o  
h a s  been  p u r i f i e d  from  c h ic k e n  l i v e r  ( K e s s l e r  and R a ja g o p a la n ,  1 9 7 2 ) ,  
r a t  l i v e r  ( K e s s l e r  ^  1974) and human l i v e r  ( Jo h n so n  and R a j a g o p a l a n ,
1976) and h a s  been  i d e n t i f i e d  a s  a m o ly b d o h aem o p ro te in  in  e a c h  i n s t a n c e .
S t u d i e s  on a c e to n e  pow ders o f  r a t  t i s s u e s  (MacLeod _et 1961) 
and r a t  t i s s u e  hom ogena tes  ( Jo h n so n  e_t aJ., 1977) have found  h ig h  l e v e l s  
o f  s u l p h i t e  o x id a s e  in  l i v e r  and k id n e y ;  a b o u t  10 -  t o  2 0 - f o l d  l e s s
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a c t i v i t y  in  h e a r t ,  lu n g  and a d r e n a l ;  v e ry  low a c t i v i t y  in a d ip o s e  t i s s u e ,  
thym us, b r a i n  and m u sc le ,  w h i le  no a c t i v i t y  was found in  b lo o d .  D e t e c t a b l e  
l e v e l s  o f  t h e  enzyme a c t i v i t y  a r e  a l s o  e x p r e s s e d  by c u l t u r e d  human s k in  
f i b r o b l a s t s  and  a m n io t i c  c e l l s  ( S h ih  e_C a l ,  1 9 7 7 ) .
The work o f  W a tt ia u x -D e  C on inck  and W a t t ia u x  ( 1 9 7 1 ) ,  I t o  (1 9 7 1 ) ,  
Cohen _et (1 9 7 2 )  and Fukushim a _et ^  (1972) h e lp e d  t o  r e s o l v e  e a r l i e r  
u n c e r t a i n t y  r e g a r d i n g  th e  s u b c e l l u l a r  l o c a l i z a t i o n  o f  s u l p h i t e  o x id a s e  
and e s t a b l i s h e d  t h a t  th e  enzyme i s  l o c a l i z e d  in  th e  in te r -m e m b ra n e  sp ace  
o f  m i t o c h o n d r i a  in  r a t  l i v e r .
Jo h n s o n  e t  aJ. (1974 )  p r e s e n t e d  e v id e n c e  f o r  t h e  c y to p l a s m i c  s y n ­
t h e s i s  o f  t h e  s u l p h i t e  o x id a s e  p r o t e i n .  The m echanism  by w hich  th e  
p r o t e i n  i s  t r a n s l o c a t e d  i n t o  t h e  m i t o c h o n d r i a l  in te r -m e m b ra n e  s p a c e  and 
th e  i n t r a c e l l u l a r  s i t e  where t h e  c o f a c t o r s  a r e  i n c o r p o r a t e d  i n t o  t h e  
p r o t e i n  t o  y i e l d  a c t i v e  enzyme re m a in  t o  be e l u c i d a t e d  ( R a ja g o p a la n ,
1 9 8 0 ) .  T hese  a r e  a r e a s  in  w hich  a l e s i o n  c o u ld  g iv e  r i s e  t o  s u l p h i t e  
o x id a s e  d e f i c i e n c y  ( I r r e v e r r e  1967; Mudd aY, 1967; B ra b e c  e t  a l ,
1977 ; H e iden  _et aT, 1 9 7 9 ) .  S in c e  t h e  s e v e r i t y  o f  t h e  symptoms seems 
t o  v a r y  ( S h ih  e t  1 9 7 7 ) ,  i t  i s  c o n c e i v a b le  t h a t  t h e r e  may be a s  y e t  
u n d e t e c t e d  a s y m p to m a tic  c a s e s  o f  s u l p h i t e  o x id a s e  d e f i c i e n c y .
An a n im a l  model f o r  s u l p h i t e  o x id a s e  d e f i c i e n c y  h a s  been  c r e a t e d  
by f e e d i n g  t u n g s t e n  t o  r a t s  m a in ta in e d  on a lew  molybdenum d i e t  ( Jo h n so n  
e t  a l , 1 9 7 4 ) .
Cohen e_t aJ. (1973 )  found t h a t  a n im a ls  d e p l e t e d  o f  t i s s u e  s u l p h i t e  
o x id a s e  a c t i v i t y  were more s u s c e p t i b l e  t o  t o x i c i t y  from  s u l p h i t e  i n j e c t e d  
i n t r a p e r i t o n e a l l y .
I n d u c t i o n  o f  r a t  l i v e r  s u l p h i t e  o x id a s e  c o u ld  n o t  be d e m o n s t r a t e d  
a f t e r  a  s i n g l e  o r a l  d ose  o f  200 mg SO^ /Kg body wt n o r  a f t e r  o r a l  d o s e s  
o f  50 o r  200 mg SO /Kg body w t /d a y  g iv e n  f o r  30 d a y s  (G ibson  and S t r o n g ,
1973).
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T hese  r e s u l t s  s u g g e s t  a p r o t e c t i v e  r o l e  o f  t h e  enzyme a g a i n s t  
ab n o rm a l l e v e l s  o f  exo g en o u s  s u lp h u r  d i o x id e  and an a p p a r e n t  l a r g e  c a ­
p a c i t y  o f  mammals, in  a n o rm a l  s t a t e  o f  h e a l t h ,  t o  m e ta b o l i z e  i t  
( W i lk in s  e_t a J ,  1 9 6 8 ) .
1 . 1 . 7  M u ta g e n i c i t y  s t u d i e s
The p o s s i b i l i t y  t h a t  s u lp h u r  d i o x id e  c o u ld  have m u ta g e n ic  and 
c a r c i n o g e n i c  p r o p e r t i e s  in  man h a s  r a i s e d  some c o n t r o v e r s y  (H ick ey  
e t  a ^ ,  1976; A l a r i e ,  1976 ; S h a p i r o ,  1 9 7 7 ) .
S u lp h u r  d i o x i d e  a t  h ig h  c o n c e n t r a t i o n s  ( 0 . 9  - 3  M HSO^ )  c a u se d  
m u ta t i o n s  in  b a c t e r i o p h a g e  T 4 r I I  sy s te m  (Summers and D ra k e ,  1 9 7 1 ) ,  phage X 
(H a y a ts u  and M iu ra ,  1970; l i d a  e t  a l , 1974) and gene A of<^X -174 (H a y a sh i  
and H a y a s h i ,  1974 ; L i n n e y 1972) .  The b a c t e r i o p h a g e  s t u d i e d  have 
e i t h e r  s i n g l e - s t r a n d e d  o r  d o u b l e - s t r a n d e d  DNA.
M u ta g e n e s i s  by s u l p h u r  d i o x id e  ( 1 M HSO^ ) h a s  a l s o  been  o b s e rv e d  
in  t h e  E . c o l i  r e v e r t a n t  sy s te m  (Mukai e t  a l ,  1970) b u t  no m u ta t i o n s  
were o b s e rv e d  ( 0 .0 0 9  M HSO" ) in  H aem oph ilus  i n f l u e n z a e  (K im b a l l  and 
H i r s c h ,  197 5 ) .
S t u d i e s  on human ly m p h o c y te s  t e n d  t o  i n d i c a t e  t h a t  t h e  e a r l y  s t a g e s  
o f  m i t o s i s  and p e rh a p s  DNA s y n t h e s i s  a r e  t h e  most v u l n e r a b l e  t o  t h e  
a c t i o n  o f  s u l p h u r  d i o x i d e  ( S c h n e i d e r  and C a l k i n s ,  1971; T im son, 1 9 7 3 ) .
J a g i e l l o  e t  ^  (1 9 7 5 )  r e p o r t e d  some i n h i b i t i o n  o f  e n t r y  i n t o  
m e i o s i s ,  f u z z i n e s s ,  c lum p ing  and f r a g m e n t a t i o n  o f  t h e  chromosomes o f  
mammalian o o c y te s  m a tu r in g  in  v i t r o  in  c o n t a c t  w i th  s o l u t i o n s  o f  b i ­
s u l p h i t e  ( 0 .0 0 0 1  - 0 . 0 0 5  M ) .  T hese  e f f e c t s  were n o t  o b s e rv e d  in  v iv o  
when fem a le  m ice were g iv e n  i n t r a v e n o u s  i n j e c t i o n s  o f  b i s u l p h i t e  
( 5 mg/mouse ) .
T h e re  h a s  been  some c o n c e rn  f o l l o w i n g  r e p o r t s  o f  t h e  s u l p h o n a t i o n  o f
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t h e  n u c l e i c  a c i d s  u r a c i l  and c y t o s i n e  and th e  n u c l e o s i d e s  u r i d i n e  and 
c y t i d i n e  and th e  s u b s e q u e n t  d e a m in a t io n  o f  th e  c y t o s i n e  s u lp h o n a te  and 
c y t i d i n e  s u lp h o n a t e  t o  fo rm  u r a c i l  s u lp h o n a te  and u r i d i n e  s u lp h o n a t e ,  
r e s p e c t i v e l y  ( S h a p i r o  ^  ad., 1970; H a y a tsu  _et aJL, 1970; H a y a tsu  _et a l ,
1970 a ;  S h a p i r o  _et _al, 1 9 7 4 ) .
The s u lp h o n a t i o n  o f  u r a c i l  r e s i d u e s  in  p o l y u r i d y l i c  a c id  h a s  been 
q u o te d  a s  t h e  b a s i s  f o r  i n t e r f e r e n c e  in  d o u b le  h e l i x  f o r m a t i o n ,  t r a n ­
s c r i p t i o n  and i n a c t i v a t i o n  o f  RNA in  c o d in g  f o r  p r o t e i n  s y n t h e s i s  
( S h a p i r o  and B raverm an , 1 9 7 2 ) .
The r e a c t i o n s  be tw een  4 - t h i o u r i d i n e  and i s o p e n t e n y l a d e n o s i n e , 
w hich  a r e  known t o  be m inor  com ponents  o f  tRNA, w i th  b i s u l p h i t e  
( 0 .0 1  - 0 .1  M ) (H a y a ts u ,  1969; F u r u i c h i  e t  a l ,  1970; H a y a tsu  and 
I n o u e ,  1971) and  th e  s t u d i e s  on th e  e f f e c t s  o f  b i s u l p h i t e  in  t h e  t r a n s ­
fo rm ing  a c t i v i t y  o f  B a c i l l u s  s u b t i l i s  DNA ( In o u e  _et _ad_, 1 9 7 2 ) ,  w hich 
e s t a b l i s h e d  t h a t  lo w e r in g  o f  t h e  b i s u l p h i t e  c o n c e n t r a t i o n  ( 1 M t o  0 .0 2  M ) 
i n c r e a s e d  th e  i n a c t i v a t i o n  r a t e ,  r a i s e  th e  q u e s t i o n  o f  t h e  l i k e l i h o o d  
t h a t  s i m i l a r  e v e n t s  m igh t t a k e  p l a c e  in  mammals in  v i v o .
P eacock  and Spence (1967)  r e p o r t e d  a g r e a t e r  p r e v a l e n c e  o f  lu n g  
tum ours  in  m ice exp o sed  to  SO2  t h a n  in  c o n t r o l s  b u t  in d e p e n d e n t  s t a t ­
i s t i c a l  a n a l y s i s  showed t h a t  such  a d i s t r i b u t i o n  o f  tum ours  c o u ld  have 
been a m a t t e r  o f  c h a n ce .  A lso  im p o r ta n t  in  t h i s  r e s p e c t  a r e  v ie w s  on 
th e  d e f i c i e n c i e s  o f  th e  mouse in  t h e  t e s t i n g  f o r  p o t e n t i a l  c h e m ic a l  
c a r c i n o g e n i c i t y  (G ra s so  and Cram pton , 197 2 ) .
1 .2  The n o n -en z y m ic  b row ning  r e a c t i o n s  and t h e i r  c o n t r o l  by 
s u lp h u r  d io x id e
.The f o r m a t io n  o f  d a r k  c o lo u r e d  p ig m e n ts  in  fo o d s  d u r in g  p r o ­
c e s s i n g  and s t o r a g e  i s  a  v e r y  common phenomenon. The r e a c t i o n s  i n ­
v o lv e d  in  t h i s  p r o c e s s  w hich  a r e  n o t  c a t a l y z e d  by enzymes a r e ' known
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a s  n o n -en z y m ic  b row ning  r e a c t i o n s .  T hese  r e a c t i o n s  a r e  som etim es d e ­
s i r a b l e ,  a s  in  t o a s t i n g ,  r o a s t i n g  and b a k in g  (R e y n o ld s ,  197 0 ) ,  b u t  
b row ning  can  have  a d e l e t e r i o u s  e f f e c t  in  th e  a p p e a r a n c e ,  f l a v o u r  and 
n u t r i t i v e  v a lu e  o f  t h e  food  (L ee , 1974; Jo h n so n  e_t aJ., 1979; M ihara  
and S h ib a m o to ,  1980; P i n t a u r o  _et _al, 198 0 ) .
N on-enzym ic  b row ning  can o c c u r  due to  i n t e r a c t i o n s  betw een s u g a r s  
and amino a c i d s  ( M a i l l a r d  r e a c t i o n ) ,  r e a c t i o n s  i n v o lv i n g  a s c o r b i c  a c id  
and c a r a m e l i z a t i o n  o f  s u g a r s  (B e rk ,  1 9 7 6 ) .
1 . 2 . 1  The M a i l l a r d  r e a c t i o n
. The M a i l l a r d  r e a c t i o n  ( M a i l l a r d ,  1912) i s  a  com plex  o f  v a r i o u s ,  
c o n s e c u t i v e  c h e m ic a l  p r o c e s s e s  w hich  a r e  s t i l l  n o t  f u l l y  u n d e r s to o d  
(R e y n o ld s ,  1963; R e y n o ld s ,  1965; McWeeny e t  a l ,  1974; D w orschak , 1 9 8 0 ) .
The f i r s t  s t e p  in  t h e  M a i l l a r d  r e a c t i o n  i s  t h e  c o n d e n s a t io n  o f  
a m in o - a c id s  w i t h  s u g a r s ,  fo rm in g  a ld o s y la m in e s  o r  k e to s y l a m i n e s  ( E l l i s  
and Honeyman, 1 9 5 5 ) .  The fo rm e r  a r e  t r a n s f o r m e d  t h r o u g h  th e  Am adori 
R e a r ra n g e m e n t  i n t o  k e to s e a m in e s  (Hodge, 1 9 5 5 ) ,  w hich  can  r e a c t  w i th  a  
f u r t h e r  mole o f  s u g a r  and u n d e rg o  a second  Am adori R e a r ra n g e m e n t  to  
fo rm  a d ik e to s e a m in e  (A n e t ,  1 9 5 9 ) .  The a n a lo g o u s  p r o d u c t s  f rom  a 
k e t o s e / a m i n o - a c i d  r e a c t i o n  a r e  th e  c o r r e s p o n d in g  a ld o s e a m in e s  w hich  
can  add a  seco n d  mole o f  a m in o - a c id  o r  amine t o  g iv e  t h e  d i a m in o - s u g a r  
(R e y n o ld s ,  1 9 7 0 ) .
The a m in o - s u g a r s  a r e  th e n  d e g ra d e d  to  amino and non-am ino  c o n ­
t a i n i n g  compounds w hich  a r e  b e l i e v e d  t o  be t h e  r e a c t i v e  i n t e r m e d i a t e s  
l e a d i n g  t o  t h e  p r o d u c t i o n  o f  brown c o l o u r s  a n d / o r  a rom as ( A n e t , i9 6 4 ;  
Anet. a n d , Ingles 1964; B u r to n  and McWeeny, 1 9 6 4 ) .  T h i s  s t a g e  i s
com plex  and i n v o lv e s  a  s e r i e s  o f  d e g r a d a t i o n s ,  t h e  r e l a t i v e  im p o r ta n c e  
o f  t h e  v a r i o u s  r o u t e s  d e p e n d in g  on th e  p a r t i c u l a r  r e a c t i o n  sy s te m .
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The d e c o m p o s i t io n  o f  k e to s e a m in e s  and d i k e t o s e a m in e s  h a s  b een ,  
p o s t u l a t e d  t o  t a k e  p l a c e  by s u c c e s s iv e  1 , 2 - e n o l i s a t i o n s  (R e y n o ld s ,
1970) p r o d u c in g  u n s a t u r a t e d  h e x o s u lo s e s  and 3 - d e o x y - h e x o s u lo s e  (A n e t ,  
1959 a ;  A n e t ,  1960; A n e t ,  1962; A n e t ,  1 9 64 ) .
2 , 3 - E n o l i s a t i o n  o f  k e to s e a m in e s  can  a l s o  o c c u r  and p ro d u ce  im­
p o r t a n t  f l a v o u r  com ponents  (A n e t,  1964; Dawes and E dw ards , 1966; K a to ,  
1967; K o e h le r  and  O d e l l ,  1970; R e y n o ld s ,  1970; Hodge e t  a J ,  1 9 7 2 ) .
The brown p ig m e n ts  o r  m e la n o id in s  a r e  form ed in  a s t a g e  i n ­
v o l v i n g  many c a r b o n y l i c  i n t e r m e d i a t e s  c o n d e n s in g  e i t h e r  w i th  e a c h  o t h e r  
o r  w i th  amino m o i e t i e s ,  p o s s i b l y  in  a  random  m anner, p ro d u c in g  h i g h l y  
c o lo u r e d ,  f l u o r e s c e n t  m ac ro m o le c u la r  p ig m e n ts  (McWeeny e t  a l ,  1 9 7 4 ) .
1 . 2 . 2  I n h i b i t i o n  o f  t h e  M a i l l a r d  r e a c t i o n  by s u lp h u r  d i o x id e
S u lp h u r  d i o x i d e  i s  u se d  a s  a brow ning  i n h i b i t o r  in  d r i e d  f r u i t s ,  
v e g e t a b l e s  and c o n c e n t r a t e d  f r u i t  j u i c e s  ( S c h r o e t e r ,  1 9 6 6 ) .  The e f ­
f e c t i v e n e s s  o f  s u lp h u r  d i o x id e  in  c o n t r o l l i n g  th e  com plex  b row ning  
r e a c t i o n s  p r o b a b l y  l i e s  in  t h e  number o f  d i s t i n c t  c h e m ic a l  r e a c t i o n s  
in  w hich  i t  can  p a r t i c i p a t e  w i th  t h e  c a r b o n y l i c  i n t e r m e d i a t e s .
S u lp h u r  d i o x id e  can r e a c t  w i th  r e d u c i n g  s u g a r s ,  s im p le  c a r b o n y l s  
and d i - c a r b o n y l s  t o  fo rm  h y d r o x y s u lp h o n a te s ,  b u t  t h e s e  a r e  e q u i l i b r i u m  
r e a c t i o n s ,  t h e r e f o r e  t h e  c a r b o n y l i c  i n t e r m e d i a t e s  w i l l  be removed from  
th e  b row ning  s y s te m  t o  o n ly  a l i m i t e d  e x t e n t .  However, in  t h e  c a se  
o f  d i - c a r b o n y l  d i - h y d r o x y s u lp h o n a t e s  (McWeeny_et ab ,  196 9) i n t r a ­
m o le c u la r  h y d ro g en  bond ing  p r o b a b ly  a c c o u n t s  f o r  t h e i r  r e l a t i v e  s t a ­
b i l i t y  (K now les , 1 9 7 1 ) .
I t  h a s  a l s o  been p ro p o se d  t h a t  s u lp h u r  d i o x id e  can r e a c t  w i th  
3 - d e o x y - h e x o s u lo s e  ( I n g l e s ,  1960; I n g l e s ,  1960 a ;  I n g l e s ,  1961 a ;  I n g l e s ,  
1962) o r  i t s  d e h y d r a t i o n  p r o d u c t ,  3 , 4 - d id e o x y h e x o s u lo s - 3 - e n e  (A n e t ,  1964;
IB
A net and  I n g l e s ,  1964; B u r to n  and McWeeny, 1 9 6 4 ) ,  to  fo rm  3 - d e o x y - 4 -  
s u l p h o - h e x o s u lo s e  i n  b o th  c a s e s .  ( I n g l e s ,  1962; K now les , 1 9 7 1 ) .
The f o rm a t io n  o f  t h e  s t a b l e  s u lp h o n a t e s  i n h i b i t s  t h e  M a i l l a r d  
r e a c t i o n  by e f f e c t i v e l y  rem ov ing  th e  c a r b o n y l i c  i n t e r m e d i a t e s  from  
th e  b row ning  sy s te m .
3 -D e o x y ~ 4 -su lp h o h e x o s u lo s e  was i d e n t i f i e d  in  s t o r e d ,  d e h y d ra te d  
cabbage  (W edzicha and McWeeny, 1974 a )  and i t s  c o n c e n t r a t i o n  m easured  
in  c e r t a i n  fo o d s  (W edzicha and McWeeny, 1975 ) .
1 .3  Aim o f  t h e  p r e s e n t  work
T h ere  i s  much t o  be l e a r n e d  a b o u t  t h e  b i o l o g i c a l  b e h a v io u r  o f  
s t a b l e  s u l p h o n a t e s  form ed d u r in g  th e  i n h i b i t i o n  o f  n o n -en z y m ic  brow ning  
( S e c t i o n  1 . 2 . 2 ) .
The p r e s e n c e  o f  3 - d e o x y - 4 - s u lp h o h e x o s u lo s e  h a s  been  r e p o r t e d  in  
model sy s te m s  ( I n g l e s ,  1962; K now les , 1971) and in  d e h y d r a t e d ,  s u l p h i t e d  
cabbage  (W edzicha  and McWeeny, 1974 a ) .  The h ig h  y i e l d  o f  t h e  s u lp h o ­
n a t e  found  in  c e r t a i n  fo o d s  (W edzicha and McWeeny, 1975) and th e  c o n ­
s i d e r a b l e  amount o f  s u lp h u r  d i o x id e  w hich  i s  added  to  fo o d s  d u r in g  
p r o c e s s i n g  and w hich  c e a s e s  t o  be m e a su ra b le  a s  s u lp h u r  d i o x id e  ( G i l b e r t  
and McWeeny, 1 9 7 6 ) ,  s u g g e s t  t h a t ,  s h o u ld  appropriate  m echanism s e x i s t ,  
s t a b l e  s u lp h o n a t e s  m igh t be- a v a i l a b l e  f o r  a b s o r p t i o n  a f t e r  i n g e s t i o n  
o f  s u l p h i t e d  fo o d .
T h e re  i s  no e v id e n c e  a t  t h i s  s t a g e  o f  t h e  t o x i c i t y  o f  3 - d e o x y - 4 -  
s u lp h o h e x o s u lo s e  b u t  s t u d i e s  on r a t s  f e d  s u l p h i t e d  d i e t s  p o i n t  t o  t h e  
f o r m a t io n  o f  some t o x i c  i n t e r a c t i o n  compound ( S e c t i o n  1 . 1 . 4 ) .  Con­
s i d e r i n g  a l l  t h e s e  f i n d i n g s ,  t h e  p r e s e n t  work h a s  been u n d e r t a k e n .
The f a c t o r s  t o  be exam ined  e x p e r i m e n t a l l y  a r e  sum m arized a s  
f o l l o w s :
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1.  A cu te  t o x i c i t y  o f  3 - d e o x y - 4 - s u l p h o h e x o s u l o s e  ( DSH )
2 .  S h o r t - t e r m  t o x i c i t y  o f  DSH.
3.  M e ta b o l i s m  o f  DSH.
4.  T o x i c i t y  o f  s t o r e d ,  s u l p h i t e d  model  d i e t s .
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C h a p t e r  2
SYNTHESIS OF 3-DE0XY-4-SULPH0HEX0SUL0SE
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SYNTHESIS OF 3-DE0XY-4-SULPH0HEX0SUL0SE
2 . 1  I n t r o d u c t i o n
3 - D e o x y - 4 - s u I p h o h e x o s u I o s e  (DSH) h a s  been  i d e n t i f i e d  a s  one o f  
t h e  p r o d u c t s  o f  t h e  i n h i b i t i o n  o f  t h e  M a i l l a r d  r e a c t i o n  by s u l p h u r  
d i o x i d e  ( S e c t i o n  1 . 2 . 2 ) .  DSH h a s  a l s o  been  i s o l a t e d  from t h e  r e a c ­
t i o n  o f  g l u c o s e  w i t h  s u l p h i t e  a t  pH 6 . 5  and 100 °C ( I n g l e s ,  1 9 62 ) .
I t  i s  a l s o  p o s s i b l e  t o  p r e p a r e  DSH, u n d e r  s i m i l a r  c o n d i t i o n s ,  f rom 
an i n t e r m e d i a t e ,  3 - d e o x y - h e x o s u l o s e  (K a to ,  1960;  K a to ,  1962;  L i n d b e r g  
e t  a l , 1 9 64 ) .
A m o d i f i c a t i o n  o f  t h e  o n e - s t e p  s y n t h e s i s  ( I n g l e s ,  1962)  was 
u sed  in  t h i s  work .
2 . 2  M a t e r i a l s  and methods
2 . 2 . 1  C h e m ic a l s
Hydroxy lam ine  m o n o - h y d r o c h l o r i d e ,  n - b u t a n o l  and N - t r i m e t h y l s i l y l -  
i m i d a z o l e  were a l l  a n a l y t i c a l  r e a g e n t  g ra d e  ( S igm a ) .
jJJ - ^^C J  G lu c o s e  ( 1 6 . 7  C i / mg), ^^C — h e xa dec a ne  ( 0 . 5 0 3  m Ci /
35 35g ) ,  sodium S — s u l p h i t e  an h y d ro u s  (14 mCi/mmol) and S —d i o c t y l
s u l p h i d e  ( 0 . 5 8 1  ^ C i / g  on 1 . 1 . 8 0 )  were o b t a i n e d  f rom t h e  R a d i o c h e m i c a l
C e n t r e .
.Dimilume -30 s c i n t i l l a t i o n  c o c k t a i l  was o b t a i n e d  from P a c k a r d  I n ­
s t r u m e n t s  LTD.
A l l  t h e  o t h e r  c h e m i c a l s  m en t ioned  in  t h i s  c h a p t e r  were p u r c h a s e d  
f rom  BDH and t h e y  were a l l  " A n a l a r "  g r a d e ,  e x c e p t  sodium m e t a b i s u l p h i t e  
and b a r iu m  c a r b o n a t e  which were " L a b o r a t o r y  R e a g e n t"  g r a d e .
2 . 2 . 2  S y n t h e s i s  o f  3 - d e o x y - 4 - s u l p h o h e x o s u l o s e  
3 - D e o x y - 4 - s u l p h o h e x o s u l o s e  (DSH) was p r e p a r e d  from t h e  r e a c t i o n
22
o f  g l u c o s e  (224 g ) ,  sod ium m e t a b i s u l p h i t e  (166 g )  and sodium  s u l p h i t e  
a n h y d ro u s  (217 g )  in  w a t e r  (500 ml)  a t  105 °C, pH 6 . 5 .  The r e a c t i o n
m i x t u r e  was r e f l u x e d  f o r  f o u r  h o u r s  ( I n g l e s ,  1962 ) .
The s u l p h o n i c  a c i d  component s  were i s o l a t e d  by a d s o r p t i o n  on to 
two columns (34 x  4 cm) o p e r a t i n g  i n  s e r i e s  and packed  w i t h  s t r o n g l y  
b a s i c  "Dowex" 1-X8 a n i o n  exchange  r e s i n  in  t h e  H^PO^ form.  The c o l ­
umns were washed w i t h  w a t e r  (10 1)  t o  remove n e u t r a l  compounds,  weak 
a c i d s  and u n s t a b l e  b i s u l p h i t e  a d d u c t s ,  f o l l o w e d  by d e s o r p t i o n  w i t h  
0 . 2  M s u l p h u r i c  a c i d  (10 1)  (Knowles,  1971 ) .  The d e s o r p t i o n  p r o c e s s  
was m o n i t o r e d  by c o l l e c t i n g  and a n a l y s i n g  f r a c t i o n s  o f  t h e  e l u a t e  f o r  
t h e  p r e s e n c e  o f  d i - c a r b o n y l  compounds by t h i n  l a y e r  c h r o m a to g r a p h y  
(Wedz icha  and Imeson,  1977 ) .
2 , 4 - D i n i t r o p h e n y l h y d r a z i n e  (DNPH) d e r i v a t i v e s  o f  t h e  c a r b o n y l i c  
s p e c i e s  p r e s e n t  were p r e p a r e d  by a d d in g  t o  f r a c t i o n s  o f  t h e  e l u a t e  
(2  ml)  an e x c e s s  o f  DNPH r e a g e n t  (5  ml o f  2% 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  
h y d r o c h l o r i d e  i n  30% p e r c h l o r i c  a c i d ) .  The p r e c i p i t a t e  formed was 
removed by c e n t r i f u g i n g  in  a  Beckman J - 6  c e n t r i f u g e ,  f o l l o w e d  by w ash ing  
wiuh  30% p e r c h l o r i c  a c i d  and t h e n  w i t h  w a t e r  b e f o r e  d r y i n g  o v e r  s i l i c a  
g e l .  The DNPH d e r i v a t i v e s  were d i s s o l v e d  in  d i m e t h y l f o r m a m i d e / p y r i d i n e  
( 2 : 1  v / v )  and a n a l y s e d  on S c h l e i c h e r  and S c h ü l l  s i l i c a  g e l  (G) p l a t e s  
u s i n g  n - b u t a n o l / 0 . 8 8  .ammonia' s o l u t i o n  ( 4 : 1  v / v )  a s  t h e  d e v e l o p i n g  s o l v e n t
The s u l p h u r i c  a c i d  f r a c t i o n s  e l u t e d  " f rom t h e  co lumns  were ch rom a­
t o g r a p h e d  on TLC p l a t e s  a s  d e s c r i b e d  a b o v e .  F r a c t i o n s  showing Rp 0 . 3 7 -  
0 . 4 4  were b u lk e d  and n e u t r a l i z e d  w i t h  ba r ium  c a r b o n a t e  u s i n g  an EIL 
7030 pH m e t e r .  The n e u t r a l i z e d  s o l u t i o n  (20 1)  was c e n t r i f u g e d  i n  
p o r t i o n s  o f  6 1 in  a Beckman J - 6  c e n t r i f u g e  u s i n g  1 1 p l a s t i c  c e n t r i ­
fu g e  b o t t l e s  and t h e  s u p e r n a t a n t  was vacuum f i l t e r e d  i n  a 5 1 f i l t e r i n g  
f l a s k .
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The s a l t s  in  t h e  f i l t e r e d  s o l u t i o n  were c o n v e r t e d  i n t o  f r e e  a c i d s  
by a p p l y i n g  t h e  f i l t e r e d  s o l u t i o n  t o  two columns (31 x 4 cm) o p e r a t i n g  
in  p a r a l l e l  and packed  w i t h  "Dowex" 50W-X8 c a t i o n  exchange  r e s i n  in  t h e  
h"^  form.  The co lumns were t h e n  washed w i t h  d i s t i l l e d  w a t e r  ( 1 . 5  1 ) .
The w a s h in g s  and th e  s o l u t i o n  c o n t a i n i n g  th e  f r e e  a c i d  were p o o l e d .  The 
e l u a t e  f rom t h e  co lumns was che cke d  f o r  f reedom from ba r ium  i o n s  by t h e  
a d d i t i o n  o f  0 . 5  M s u l p h u r i c  a c i d  (2ml)  t o  s am ples  f rom t h e  e l u a t e  (1 m l ) .
The s o l u t i o n  c o n t a i n i n g  t h e  f r e e  a c i d  was n e u t r a l i z e d  w i t h  sodium 
c a r b o n a t e ,  u s i n g  an EIL 7030 pH m e t e r ,  and f r e e z e - d r i e d  i n  a V i r t i s  
f r e e z e  d r i e r  i n  p o r t i o n s  o f  5 1.  The r e m a in i n g  s o l u t i o n  c o n t a i n i n g  
f r e e  a c i d  ( u s u a l l y  10 - 15 1)  was s t o r e d  a t  -16 °C u n t i l  i t .  c o u l d  be 
f r e e z e - d r i e d  ( u s u a l l y  4 - 5  d a y s ) .
The d r i e d  p r o d u c t  was d i s s o l v e d  i n  t h e  minimum amount  o f  c o ld  
w a t e r ,  f i l t e r e d  and f r e e z e - d r i e d  a g a i n .  The d r i e d  p r o d u c t  was t h e n  
s t o r e d  u n d e r  n i t r o g e n ,  i n  a d e s i c c a t o r ,  a t  -40  °C ( C o r t i n a  deep  f r i d g e )  
u n t i l  r e q u i r e d  f o r  f u r t h e r  work.
2 . 2 . 3  I d e n t i f i c a t i o n  o f  3 - d e o x y - 4 - s u l p h o h e x o s u l o s e
2 . 2 . 3 . 1  M o l e c u l a r  w e i g h t
The s o l u t i o n  c o n t a i n i n g  DSH i n  t h e  f r e e  a c i d  form  ( S e c t i o n  2 . 2 . 2 )  
was f r e e z e - d r i e d  and s am p les  o f  t h e  f r e e  a c i d  ( 0 .0 2 8  - 0 . 0 5 3  g )  were 
d i s s o l v e d  i n  w a t e r  (10 m l ) .  The m o l e c u l a r  w e i g h t  o f  t h e  s y n t h e s i s e d  
DSH ( f r e e  a c i d  form) was d e t e r m i n e d  in  a P e r k i n - E l m e r  115 m o l e c u l a r  
w e i g h t  a p p a r a t u s  u s i n g  a  s t a n d a r d  c u rv e  p r e p a r e d  w i t h  a queous  s o l u t i o n s  
o f  s u c r o s e  ( 0 . 0 1  - 0 .0 6  moles /Kg w a t e r ) .
2 . 2 . 3 . 2  Th in  l a y e r  c h ro m a to g r a p h y
The 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  (DNPO) o f  t h e  s y n t h e s i s e d .  DSH was
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p r e p a r e d  and a n a l y s e d  by t h i n  l a y e r  ch ro m a to g ra p h y  a s  p r e v i o u s l y  d e ­
s c r i b e d  ( S e c t i o n  2 . 2 . 2 ) .
Samples  o f  t h e  sodium s a l t  o f  DSH ( 0 . 2 9  g /  ml w a t e r )  were a l s o  
c h r o m a to g r a p h e d ,  a l o n g s i d e  D - g l u c o n i c  a c i d ,  on S c h l e i c h e r  and S c h ü l l  
s i l i c a  g e l  (G) p l a t e s  u s i n g  e t h y l  a c e t a t e / a c e t i c  a c i d / w a t e r  ( 3 : 1 : 1  v / v )  
a s  t h e  d e v e l o p i n g  s o l v e n t .  The h y d r o x y l a m i n e - f e r r i c  c h l o r i d e  r e a g e n t  
( 1 M m e t h a n o l i c  h y d ro x y la m in e  h y d r o c h l o r i d e / 1 .1  M m e t h a n o l i c  p o t a s s i u m  
h y d r o x i d e ,  1 :1  v / v ;  1 -  2% f e r r i c  c h l o r i d e / 1% h y d r o c h l o r i c  a c i d ,  1 : 1  v / v )  
was u s e d  a s  t h e  s p r a y i n g  r e a g e n t  f o r  t h e  sodium s a l t  o f  DSH ( A bde l -A khe r  
and S m i th ,  1 9 5 1 ) .
2 . 2 . 3 . 3  M e l t i n g  p o i n t  and c o l o u r  t e s t  o f  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  
d e r i v a t i v e
A sample o f  t h e  DNPO d e r i v a t i v e  ( 0 . 0 5  g )  was t r e a t e d  w i t h  2 . M 
sod ium h y d r o x i d e  (1 ml)  and t h e  d e v e l o p e d  c o l o u r  o b s e r v e d .
The m e l t i n g  p o i n t  o f  t h e  DNPO d e r i v a t i v e  o f  DSH was d e t e r m i n e d  
• i n  an E l e c t r o t h e r m a l  m e l t i n g  p o i n t  a p p a r a t u s .
2 . 2 . 3 . 4  N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y
Samples  o f  t h e  f r e e  a c i d  and sod ium s a l t  o f  DSH ( 0 . 2  g )  were d i s ­
s o l v e d  in  d e u t e r a t e d  w a t e r  (3  ml)  and t h e i r  n u c l e a r  m a g n e t i c  r e s o n a n c e  
s p e c t r a  (NMR) d e t e r m i n e d  in  a  H i t a c h i  P e r k i n - E l m e r  R24A h i g h  r e s o l ­
u t i o n  NMR s p e c t r o m e t e r  and r e c o r d e d  in  a H i t a c h i  057-0017  r e c o r d e r
T e t r a m e t h y l s i l a n e  was used  a s  t h e  r e f e r e n c e  f o r  a l l  d e t e r m i n a t i o n s .
2 . 2 . 3 . 5  I n f r a r e d  s p e c t r o s c o p y
Sam ples  o f  t h e  f r e e  a c i d  and sodium  s a l t  o f  DSH ( 0 . 1  g )  were d i s ­
s o l v e d  i n  w a t e r  (2 ml)  and t h e i r  i n f r a r e d  s p e c t r a  d e t e r m i n e d ,  on Spe c a c  
s i l v e r  c h l o r i d e  d i s c s ,  i n  a P e r k i n - E l m e r  577 g r a t i n g  i n f r a r e d  s p e c t r o ­
p h o t o m e t e r .
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2 . 2 . 3 . 6  Mass s p e c t r o s c o p y
A sample (500 ml)  o f  t h e  s o l u t i o n  c o n t a i n i n g  DSH in  t h e  f r e e  a c i d  
fo rm  ( S e c t i o n  2 . 2 . 2 )  was n e u t r a l i z e d  w i t h  p y r i d i n e .  The r e a c t i o n  was 
m o n i t o r e d  u s i n g  an EIL 7030 pH m e t e r .
The n e u t r a l i z e d  m i x t u r e  was e v a p o r a t e d  t o  d r y n e s s  in  vacuo  a t  40 °C 
i n  a Buchi  R o t a v a p o r - R .  T r i m e t h y l s i l y l  (TMS) d e r i v a t i v e s  were p r e p a r e d  
by d i s s o l v i n g  t h e  p y r i d i n i u m  s a l t  (200 - 500 g)  in  N - t r i m e t h y l s i l y l -  
i m i d a z o l e  (200 1)  w i t h  g e n t l e  warming and s h a k i n g  (Wedzicha  and McWeeny, 
1974)..  Mass s p e c t r a  o f  t h e  TMS d e r i v a t i v e s  were o b t a i n e d ,  u s i n g  a  d i ­
r e c t  i n s e r t i o n  t e c h n i q u e ,  in  an AEI MS12 mass s p e c t r o m e t e r  a t  a  s o u rc e  
t e m p e r a t u r e  o f  230 °C and an i o n i s a t i o n  e n e r g y  o f  70 eV. P e r f l u o r o -  
k e r o s e n e  was u s e d  a s  t h e  m arke r  in  a l l  t h e  d e t e r m i n a t i o n s .
2 . 2 . 4  S y n t h e s i s  o f  3 - d e o x y - 4 - s u l p h o - [ u  -  j  h e x o s u l o s e
3-Deoxy-4-su lpho-j~U - J h e x o s u l o s e  ( —DSH) was p r e p a r e d
f rom t h e  r e a c t i o n  o f  g l u c o s e  (30 g ) ,  |^U - g l u c o s e  (1 mCi 60 mg),
sodium  m e t a b i s u l p h i t e  (41 g )  and sodium s u l p h i t e  a n h y d ro u s  (60 g )  in  
w a t e r  (100 ml)  a t  105 ° C . The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  7 
h o u r s  ( I n g l e s ,  1 9 6 2 ) .  — DSH was i s o l a t e d  and p u r i f i e d  a s  p r e v i ­
o u s l y  d e s c r i b e d  ( S e c t i o n  2 . 2 . 2 ) .
2 . 2 . 4 . 1  S p e c i f i c  a c t i v i t y
An a que ous  s o l u t i o n  c o n t a i n i n g  2 . 1 . mg — DSH /m l  was p r e p a r e d .
Samples  ( 0 . 4  ml)  o f  t h i s  s o l u t i o n  were mixed w i t h  P a c k a r d  D im i lum e-30 
(4 ml)  s c i n t i l l a t i o n  c o c k t a i l  i n  5 ml p l a s t i c  d i s p o s a b l e  s c i n t i l l a t i o n  
v i a l s .  •
The r a d i o a c t i v i t y  p r e s e n t  in  e a c h  sample was m easu red  in  a  LKB 
W al lac  1210 U l t r o b e t a  l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  The d e t e c t i o n
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14e f f i c i e n c y  o f  t h e  c o u n t i n g  o p e r a t i o n  was d e t e r m i n e d  by u s i n g  C— 
h e x a d ec a n e  ( 0 . 0 2  ml)  a s  an i n t e r n a l  s t a n d a r d .
r 3 5 12 . 2 . 5  S y n t h e s i s  o f  3 -deoxy-L4  -  S j  s u l p h o h e x o s u l o s e
3-Deoxy- 35 1 35S s u l p h o h e x o s u l o s e  ( S —DSH) was p r e p a r e d
from t h e  r e a c t i o n  o f  g l u c o s e  (30 g ) ,  sodium m e t a b i s u l p h i t e  (41 g ) ,
35sodium s u l p h i t e  a n h y d ro u s  (60 g )  and sodium S — s u l p h i t e  a n h y d ro u s
(5  mCi ~  0 . 3  mmol) i n  w a t e r  (100 ml)  a t  105 °C .  The r e a c t i o n  m i x t u r e
35was r e f l u x e d  f o r  7 h r  ( I n g l e s ,  1 9 6 2 ) .  S —DSH was i s o l a t e d  and
p u r i f i e d  a s  d e s c r i b e d  in  S e c t i o n  2 . 2 . 2 .
2 . 2 . 5 . 1  S p e c i f i c  a c t i v i t y
35An a q u e o u s  s o l u t i o n  c o n t a i n i n g  8 . 8  mg S —DSH/ml was p r e p a r e d .
The e x p e r i m e n t a l  p r o t o c o l  f o r  t h e  d e t e r m i n a t i o n  o f  s p e c i f i c  a c t i v i t y
35 . . ■o u t l i n e d  i n  S e c t i o n  2 . 2 . 4 . 1  was f o l l o w e d .  S —D i o c t y l  s u l p h i d e
( 0 . 0 2  ml)  was used  a s  an i n t e r n a l  s t a n d a r d .
2 . 3  R e s u l t s
2 . 3 . 1  Y i e l d  and i d e n t i f i c a t i o n  o f  3 - d e o x y - 4 - s u l p h o h e x o s u l o s e
A y i e l d  o f  18 -  2% o f  DSH, b a s e d  on g l u c o s e ,  was o b t a i n e d .  The 
m o l e c u l a r  w e i g h t  o f  DSH i n  t h e  f r e e  a c i d  fo rm  was found t o  be 218 -  8 g /  
mol .  -  -
The R_ . v a l u e s  o f  DSH (Na s a l t )  and t h e  R„ o f  i t s  2 , 4 - d i n i t r o -  GA f
p h e n y l h y d r a z o n e  (DNPO) d e r i v a t i v e  a r e  shown i n  T a b l e  2 - 1 .  DSH a p ­
p e a r e d  a s  two s p o t s  a t  R^^ 0 . 3 5  and 0 . 8 7 .  The DNPO d e r i v a t i v e  showed 
s i n g l e  e l o n g a t e d  s p o t s  a t  R^ 0 .3 7  - 0 . 4 4 .  The s p o t s  t u r n e d  p u r p l e  
i n  t h e  p r e s e n c e  o f  t h e  b a s i c  d e v e l o p i n g  s o l v e n t  b u t  t h e  c o l o u r s  f a d e d  
r a p i d l y  when t h e  p l a t e s  were d r i e d .
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A l s o  shown in  T a b le  2-1  a r e  t h e  r e s u l t s  f o r  t h e  c o l o u r  t e s t  o f  
t h e  DNPO d e r i v a t i v e  and i t s  m e l t i n g  p o i n t .  The c o l o u r  t e s t  was p o s i ­
t i v e  f o r  a b i s h y d r a z o n e  m o ie ty  and t h e  m e l t i n g  p o i n t  was found  t o  be 
228 - 230 °C ( d e c o m p . ) .
T a b le  2 -1  T h in  l a y e r  c h ro m a to g r a p h y  o f  3 - d e o x y - 4 - s u l p h o h e x o s u l o s e
(DSH) and i t s  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  (DNPO) d e r i v a ­
t i v e  and b i s h y d r a z o n e  c o l o u r  t e s t  and m e l t i n g  p o i n t  o f  
t h e  DNPO d e r i v a t i v e
D e t e r m i n a t i o n s
Compounds
DSH DNPO
R,
R
GA
b
0 . 3 5 ;  0 .8 7
0 .3 7  - 0 . 4 4
C o l o u r  t e s t Blue  ( + )
M e l t i n g  p o i n t 228 -  230 °C 
(d e c o m p . )
a  - R_ . v a l u e s  o f  DSH (Na s a l t )  a r e  r e l a t i v e  t o  D - g l u c o n i c  a c i d .  •GA
b -  DNPO v a l u e s  a r e  f o r  t h e  p y r i d i n i u m  s a l t .
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In  T a b l e  2 - 2  a r e  g i v e n  t h e  r e s u l t s  f o r  t h e  NMR and i n f r a r e d  
s p e c t r o s c o p y  o f  DSH.
The mass m easu rem en ts  o f  m a jo r  i o n s  f o r  t h e  t r i m e t h y l s i l y l  
d e r i v a t i v e  o f  DSH a r e  shown in  T a b le  2 - 3 .  The NMR, i n f r a r e d  and 
mass s p e c t r a  a r e  a l l  d i s c u s s e d  in  d e t a i l  in  S e c t i o n  2 . 4 .
T a b le  2 - 2  N u c l e a r  m a g n e t i c  r e s o n a n c e  and i n f r a r e d  s p e c t r a  o f
3 - d e o x y - 4 - s u l p h o h e x o s u l o s e  (DSH)
Compound Chem ic a l  s h i f t F re q u e n c y
(ppm, <r) (cm ^)
DSH^ 1 . 1 ;  1 . 4  - 2 . 8 ;  3 . 0  - 4 . 5 ^ 1620;  1210;  1040^
a  - S i m i l a r  v a l u e s  were o b t a i n e d  f o r  t h e  f r e e  a c i d  and Na s a l t  
fo rms  o f  DSH.
b - The t e t r a m e t h y l s i l a n e  s i g n a l  was u sed  a s  t h e  r e f e r e n c e  p o i n t  f o r  
t h e  d e t e r m i n a t i o n  o f  c h e m i c a l  s h i f t s .
S i g n a l  cr = 1 . 1  p p m /S ig n a l  o- = 1 . 4  - 2 . 8  p p m /S ig n a l  cr = 3 . 0  -  4 . 5  ppm
r a t i o  = 1 : 2 : 4  
c -  S i l v e r  c h l o r i d e  d i s c s  were u s e d  f o r  t h e  i n f r a r e d  s p e c t r a  d e ­
t e r m i n a t i o n s .
T a b l e  2 - 3
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Mass m easu rem en ts  on 3 -deo x y -4 - s u l p h o h e x o s u l o s e  (DSH)
a s  t r i m e t h y l s i l y l  d e r i v a t i v e
Mass m easu rem en ts
Compound Found R e q u i r e d ^
(m /e ) (m /e )
DSH 427 427
DSH 413 413
DSH 273 273 .
DSH 259 259
DSH 244 244
DSH 169 16 9
DSHA^ 589 589
DSHA 487 487
DSHA 333 333
a - R e f e r e n c e ; E a g l e s ,  J .  and Knowles ,  M. E.  
A n a l y t .  Chem., 43,  16 97.
(1971)
b -  DSHA = 2 , 5 , 6 - t r i h y d r o x y - 4 - s u l p h o h e x a n o i c a c i d  ( a s  t r i m e t h y l -
s i l y l  d e r i v a t i v e ) .
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2 . 3 . 2  Y i e l d  and s p e c i f i c  a c t i v i t y  o f  3 - d e o x y - 4 - s u l p h o U -
14,
h e x o s u l o s e  and 3-deox) ' ' - s u l p h o h e x o s u l o s e
The y i e l d s  o f  t h e  s y n t h e s i s  o f  3 - d e o x y - 4 - s u l p h o -  
14
Ü  -
35 1h e x o s u l o s e  ( — DSH) and 3 -d eo x y -  4 -  S I s u l p h o h e x o s u l o s e
( ^ ^ s - D S H )  and t h e i r  r e s p e c t i v e  s p e c i f i c  a c t i v i t i e s  a r e  g i v e n  in  
T a b l e  2 - 4 .  Y i e l d s  o f  38% f o r  ^^C-DSH and 32% f o r  ^ ^ S -D S H ,  
ba sed  on g l u c o s e ,  were o b t a i n e d .
The s p e c i f i c  a c t i v i t i e s  o f  t h e  l a b e l l e d  s u l p h o n a t e s  were 
1 6 . 8  ^ C i / g  f o r  ^^C-DSH and 5 .1  ^ C i / g  f o r  ^^S —DSH.
T a b l e  2-4 Y i e l d s  and s p e c i f i c  a c t i v i t i e s  o f  3 - d e o x y - 4 - s u l p h o -
U -
14h e x o s u l o s e  ( C —DSH) and 3 - d e o x y -
35,s u l p h o h e x o s u l o s e  ( S —DSH)
Compound Y i e l d ^ S p e c i f i c  a c t i v i t y
(%) ( M C i /g )
-DSH 38 1 6 . 8
-DSH 32 5 . 1 ^
a -  Y i e l d s  b a s e d  on g l u c o s e .
35b - S p e c i f i c  a c t i v i t y  o f  S —DSH on 6 . 2 . 8 0
2 . 4 D i s c u s s i o n
The v a r i a t i o n s  i n  t h e  v a l u e s  o b t a i n e d  i n  t h e  d e t e r m i n a t i o n  o f
t h e  m o l e c u l a r  w e i g h t  o f  DSH i n  t h e  f r e e  a c i d  fo rm  (218 + 8 g / m o l )
were p r o b a b l y  due t o  t h e  h i g h l y  h y g r o s c o p i c  n a t u r e  o f  t h e  s u l p h o n i c
a c i d .  The c a l c u l a t e d  m o l e c u l a r  w e i g h t  f o r  DSH ( f r e e  a c i d )  i s  
1
226 g / m o l .  .
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TLC o f  DSH (Na s a l t )  gave two s p o t s  a t  0 . 3 5  and 0 .8 7  (T a b le  
2 - 1 ) ,  p o s s i b l y  i n d i c a t i n g  an e q u i l i b r i u m  be tween  th e  k e t o  and e n o l  
t a u t o m e r s  o f  DSH. T h i s  v i e w  i s  s u p p o r t e d  by t h e  f i n d i n g s  o f  L i n d b e r g  
e t  a l  ( 1964)  who p r e p a r e d  DSH and a n a l y s e d  i t  by p a p e r  c h ro m a to g ra p h y  
and e l e c t r o p h o r e s i s .  I t  was o b s e r v e d  by t h e s e  w o r k e r s  t h a t  t h e  s u l ­
p h o n a te  gave two s p o t s  on t h e  ch rom atogram  and t h a t  t h e  m a t e r i a l  e l u t e d  
from t h e  z o n e s  c o r r e s p o n d i n g  t o  e i t h e r  o f  t h e s e  s p o t s  gave th e  same two 
s p o t s  when r e - c h r o m a t o g r a p h e d .
I t  would be e x p e c t e d  t h a t  t h e  component  w i t h  t h e  k e t o  s t r u c t u r e
would p r e d o m i n a t e  i n  t h e  t a u t o m e r i c  m i x t u r e  o f  DSH, e x p l a i n i n g  t h e  b e ­
h a v i o u r  o f  t h e  s u l p h o n a t e  a s  an a - d i - c a r b o n y l  compound.
A n a l y s i s  o f  t h e  DNPO d e r i v a t i v e  o f  DSH by TLC showed s i n g l e  
p u r p l e  s p o t s  a t  R^ 0 . 3 7  -  0 . 4 4  which  c o r r e l a t e d  w e l l  w i t h  t h e  Rp 0 . 4 2  
f o r  t h e  same compound r e p o r t e d  by Wedzicha  and McWeeny ( 1 9 7 5 ) .
The p u r p l e  c o l o u r  o f  t h e  s p o t s  in  c o n t a c t  w i t h  a  b a s i c  d e v e l o p i n g  
s o l v e n t  and t h e  p o s i t i v e  r e s u l t  f o r  t h e  b i s h y d r a z o n e  t e s t  (T a b le  2 - 1 )  
i n d i c a t e d  t h e  p r e s e n c e  o f  an a - d i - c a r b o n y l  compound (A n e t ,  1962 a ) .
The m e l t i n g  p o i n t  o f  t h e  DNPO d e r i v a t i v e  o f  DSH (T a b le  2 - 1 )  o f
228 - 230 °C (d ec o m p . )  was in  a g re e m e n t  w i t h  t h e  v a l u e  (231 °C) r e ­
p o r t e d  by A n e t  and I n g l e s  ( 1 9 6 4 ) .
The NMR s p e c t r a  o f  DSH (T a b le  2 - 2 )  p r o d u c e d  t h r e e  g r o u p s  o f  s i g ­
n a l s :  a  t r i p l e t  a t  <r = 1 . 1  ppm (1 H) f o r  t h e  p r o t o n  a t  c a rb o n  4,  a  
com plex band a t c r  = 1 . 4  - 2 . 8  ppm (2 H) a s s i g n e d  to  t h e  m e t h y le n e  p r o ­
t o n s  a t  c a rb o n  3 and a  m u l t i p l e t  a t  cr = 3 . 0  -  4 . 5  ppm (4 H) f o r  t h e  _ 
p r o t o n s  a t  c a r b o n  1 , 5  and 6 (Anet  and I n g l e s ,  1964;  H a r d e l l  and 
T h e a n d e r ,  1 9 7 1 ) .  I n t e g r a t i o n  o f  t h e  peak  a r e a s  p ro d u ce d  a  r a t i o  o f
1 : 2 :4  ( S i g n a l  e =  1 . 1  p p m /S i g n a l  tr = 1 . 4  -  2 . 8  p p m /S ig n a l  c  = 3 . 0  - 4 . 5  
ppm) w h ic h  i s  s i m i l a r  t o  t h e  c a l c u l a t e d  r a t i o  f o r  DSH.
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i h e  i n f r a r e d  s p e c t r a  o f  DSH (AgCl d i s c s )  (T a b le  2 - 2 )  showed b ro ad
-1i n t e n s e  maxima a t  1620,  1210 and 1040 cm which  a r e  c o m p a rab le  w i t h
t h e  v a l u e s  r e p o r t e d  f o r  j3 - s u l p h o c a r b o n y l  s p e c i e s  (1600,  1230 and 1090 
_1
cm , KBr d i s c s )  (Wedzicha  and McWeeny, 1974 ) .
In  T a b l e  2 - 3  i t  can be o b s e r v e d  t h a t  a m o l e c u l a r  ion  was r iot  
found  in  t h e  mass s p e c t r u m  o f  t h e  f u l l y  t r i m e t h y l s i l y l a t e d  (TMS) d e ­
r i v a t i v e  o f  DSH. The p r e s e n c e  o f  t h e  M-15 (m/e 427)  and M-29 (m/e 
413)  i o n s  o f  t h e  c o r r e c t  a to m ic  c o m p o s i t i o n  s u g g e s t s  l o s s e s  o f  CH^ and 
CHO, r e s p e c t i v e l y ,  f rom t h e  m o l e c u l a r  i o n .  The f r a g m e n t a t i o n  p a t t e r n  
o f  DSH i s  s i m i l a r  t o  t h a t  o f  a l k y l  a l k a n e  s u l p h o n a t e s  (T ru c e  _et a l ,
1 9 67 ) ,  e x c e p t  t h a t  a  - c l e a v a g e  o f  t h e  s u l p h o n a t e  m o ie ty  o c c u r s  w i t h  
a b s t r a c t i o n  o f  a  p r o t o n  a s  t h e  m a jo r  p r o c e s s ,  r a t h e r  t h a n  s im p l e  a - c l e a v ­
age ( E a g l e s  and Knowles ,  1 9 71 ) .
The mass measurement  v a l u e s  found  f o r  t h e  s y n t h e s i s e d  DSH c o r ­
r e l a t e  s a t i s f a c t o r i l y  w i t h  t h e  v a l u e s  p u b l i s h e d  by E a g l e s  and Knowles 
( 1 9 7 1 ) .
A s m a l l  M’ -15  ion  was a l s o  found  a t  m/e 589 in  t h e  mass s p e c t r u m  
o f  DSH, showing l o s s  o f  COOTMS (m/e 487)  and TMS SO^H (m/e 333)  g r o u p s .  
T h i s  f r a g m e n t a t i o n  p a t t e r n  i s  b e l i e v e d  t o  c o r r e s p o n d  t o  2 , 5 , 6 - t r i h y d r o x y -
4 - s u l p h o h e x a n o i c  a c i d  (DSHA). A ne t  (19 6 1 )  showed t h a t  3 - d e o x y - o s u l o s e s  
can  be c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  m e t a - s a c c h a r i n i c  a c i d s ,  i n  an a l ­
k a l i n e  medium, t h r o u g h  a s e r i e s  o f  i n t r a m o l e c u l a r  r e a r r a n g e m e n t s  (Sowden,  
1957;  Speck ,  1 9 5 8 ) .  The re  i s  e v i d e n c e  t h a t  4 - s u l p h o  d e o x y o s u l o s e s  may 
behave  s i m i l a r l y  in  an a l k a l i n e  medium and fo rm 4 - s u l p h o  m e t a - s a c c h a r ­
i n i c  a c i d s  (Wedzicha  and McWeeny, 1 9 7 4 ) .  I t  i s  t h e n  p r o p o s e d  t h a t  
DSHA i s  an a r t i f a c t  formed from DSH a s  a r e s u l t  o f  m i l d l y  a l k a l i n e  c o n ­
d i t i o n s  e x p e r i e n c e d  d u r i n g  d e r i v a t i z a t i o n  f o r  mass s p e c t r o m e t r y .  No 
i n d i c a t i o n  o f  t h e  e x i s t e n c e  o f  DSHA was found in  t h e  TLC, m o l e c u l a r
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w e i g h t ,  NMR o r  i n f r a r e d  s p e c t r o s c o p y  s t u d i e s .
14 35DSH, C —DSH and S — DSH were s y n t h e s i s e d  i n  q u a n t i t i e s  s u f f i ­
c i e n t  t o  p e r f o r m  c e r t a i n  a c u t e ,  s h o r t - t e r m  and m e t a b o l i c  s t u d i e s  on 
e x p e r i m e n t a l  a n i m a l s .
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C h a p t e r  3
SOME TOXICITY STUDIES ON 3 -DEOXY- 4 -SULPHOHEXOSULOSE
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SOME TOXICITY ' STUDIES ON 3 -DEOXY- 4 -SULPHOHEXOSULOSE
3 . 1  I n t r o d u c t i o n
S t u d i e s  on e x p e r i m e n t a l  a n i m a l s  f ed  s t o r e d  s u l p h i t e d  d i e t s  p o i n t  
t o  t h e  f o r m a t i o n  o f  some t o x i c  i n t e r a c t i o n  compound ( F i t z h u g h  _et a l , 
1946;  H ed in ,  1962;  B h a g a t  and L o c k e t t ,  1964 ) .  I n  v i e w  o f  t h e  c o n ­
s i d e r a b l e  amount  o f  s u l p h i t e  added to  food d u r i n g  p r o c e s s i n g  which  
can r e a c t  t o  form 3 - d e o x y - 4 - s u l p h o h e x o s u l o s e  (DSH) (Wedzicha and 
McWeeny, 1975)  and c o n s i d e r i n g  t h e  s c a r c i t y  o f  p u b l i s h e d  i n f o r m a t i o n  
r e g a r d i n g  t h e  t o x i c i t y  o f  DSH (Walker  _et aT, 1 9 80 ) ,  i t  was c o n s i d e r e d  
o f  i n t e r e s t  t o  i n v e s t i g a t e  w h e t h e r  DSH c o u ld  be r e s p o n s i b l e  f o r  t h e  
a l l e g e d  t o x i c i t y  o f  s t o r e d  s u l p h i t e d  d i e t s .
A c u te  and s h o r t - t e r m  s t u d i e s  on r a t s  and mice and m u t a g e n i c i t y  
s t u d i e s  on f o u r  s t r a i n s  o f  S a l m o n e l l a  typ h im u r iu m  were p e r fo rm e d  t o  
t r y  t o  e l u c i d a t e  t h e  t o x i c o l o g i c a l  b e h a v i o u r  o f  DSH.
3 . 2  M a t e r i a l s  and methods
3 . 2 . 1  C h e m ic a l s
DSH was s y n t h e s i s e d  a s  d e s c r i b e d  in  C h a p t e r  2.
R e a g e n t s  f o r  t h e  a s s a y  o f  hae m o g lo b in ,  a s p a r t a t e  and a l a n i n e  
t r a n s a m i n a s e ,  a l k a l i n e  p h o s p h a t a s e ,  u r e a ,  i n o r g a n i c  p h o s p h o r u s  and 
se rum t o t a l  p r o t e i n  were p u r c h a s e d  from B o e h r i n g e r  Mannheim, B iochem­
i c a l  D e p a r t m e n t .
R e a g e n t s  f o r  t h e  d e t e r m i n a t i o n  o f  t o t a l  f o l a t e  were o b t a i n e d  
from t h e  R a d i o c h e m i c a l  C e n t r e .  .
R e a g e n t s  f o r  t h e  l i g h t  m ic r o s c o p y  s t u d i e s  were p u r c h a s e d  from 
Raymond and Lamb.
i s o t o n  I I  and Zapon in  were o b t a i n e d  from C o u l t e r  E l e c t r o n i c s  LTD.
A l l  t h e  o t h e r  c h e m i c a l s  m en t io n e d  in  t h i s  c h a p t e r  were p u r c h a s e d
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f rom  BDH.
3 . 2 . 2  An im als
W i s t a r  a l b i n o  r a t s  and CFl mice o f  b o t h  s e x e s  f rom t h e  U n i v e r s i t y  
o f  S u r r e y  c o l o n i e s  were u s e d .
The a n i m a l s  were housed  a t  22 + 1 °C w i t h  a 12 h o u r  l i g h t / d a r k
c y c l e ,  and were a l l o w e d  f r e e  a c c e s s  t o  S p r a t t ’ s powdered d i e t  f o r  r o ­
d e n t s  N°' 2 ( S p r a t t ' s  L a b o r a t o r y  S e r v i c e s )  and w a t e r .
3 . 2 . 3  U r i n a l y s i s
3 . 2 . 3 . 1  U r i n a r y  b lood
" H e m a s t ix "  r e a g e n t  s t r i p s  (Ames Company) were u s e d  f o r  t h e  d e ­
t e r m i n a t i o n  o f  u r i n a r y  b l o o d .
3 . 2 * 3 . 2  U r i n a r y  pH
An EIL 7030 pH. m e t e r  was u sed  f o r  t h e  d e t e r m i n a t i o n  o f  u r i n a r y  pH.
3 . 2 . 3 . 3  U r i n a r y  s p e c i f i c  g r a v i t y
An A ta g o  hand r e f r a c t o m e t e r  was u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  
u r i n a r y  s p e c i f i c  g r a v i t y .
3 . 2 . 3 . 4  U r i n a r y  a s p a r t a t e  t r a n s a m i n a s e
The t e s t  was b a s ed  on t h e  o r i g i n a l  method by Re i tm an  and F r a n k e l
( 1 9 5 7 ) .
Samples  o f  u r i n e  ( 0 . 1  ml)  were mixed w i t h  0 . 5  ml o f  a  s o l u t i o n  
c o n t a i n i n g  p h o s p h a t e  b u f f e r  (pH 7 . 4 ,  0 . 1  M ) / L - a s p a r t a t e  ( 0 . 1  M ) / a - o x o -
g l u t a r a t e  (2 iriM). A b l a n k  was p r e p a r e d  by s u b s t i t u t i n g  t h e  u r i n e
sample  w i t h  d i s t i l l e d  w a t e r .
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The m i x t u r e s  were i n c u b a t e d  a t  37 °C in  a s h a k i n g  i n c u b a t o r  (The 
M ic k le  L a b o r a t o r y  E n g i n e e r i n g  C o . )  f o r  one h o u r .  A f t e r  t h e  i n c u b a ­
t i o n  p e r i o d ,  0 . 5  ml o f  2 , 4 - d i n i t r o p h e n y I h y d r a z i n e  (1 raM) was added  t o  
a l l  t h e  s a m p le s  which  were mixed and a l l o w e d  t o  s t a n d  f o r  a  f u r t h e r  
20 m i n . a t  20 - 25 °C.  Then 5 ml o f  sodium h y d r o x i d e  ( 0 . 4  M) were 
added t o  a l l  t h e  s am ples  which were mixed and a l l o w e d  t o  s t a n d  f o r  a 
f u r t h e r  5 min.  a t  20 - 25 °C.
A c a l i b r a t i o n  c u r v e  was p r e p a r e d  by d i l u t i o n  o f  s t o c k  p y r u v a t e  
s o l u t i o n  (2 mM).
A b s o r b a n c e s  o f  t h e  s a m p le s  and t h e  s t a n d a r d  s o l u t i o n s  were 
m easu red  a g a i n s t  t h e  b l a n k ,  a t  540 nm, i n  a C e c i l  LE 272 l i n e a r  r e a d o u t  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 3 . 5 -  U r i n a r y  t o t a l  p r o t e i n
A t u r b i d o m e t r i c  method ( V a r l e y ,  1967)  was u s e d .
U r i n e  s a m p l e s  were d i l u t e d  1 : 20 w i t h  d i s t i l l e d  w a t e r .  Samples  
o f  d i l u t e d  u r i n e  (1 ml)  were mixed w i t h  3 ml o f  an a q u e o u s  s o l u t i o n  
o f  3% t r i c h l o r o a c e t i c  a c i d .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  u s i n g  8% p r o t e i n  s t a n d a r d  s o l ­
u t i o n  (S igma) a t  c o n c e n t r a t i o n s  o f  4 -  64 mg/100 ml 0.9% NaCl.
The t u r b i d i t y  o f  t h e  s am ples  and t h e  s t a n d a r d  s o l u t i o n s  were 
m easu red  a g a i n s t  a  b l a n k  p r e p a r e d  by r e p l a c i n g  t h e  u r i n e  sample  w i t h  
0.9% NaCl,  a t  450 nm, in  a  C e c i l  LE 272 l i n e a r  r e a d o u t  u l t r a v i o l e t  
s p e c t r o p h o t o m e t e r .
3 . 2 . 3 . 6  U r i n a r y  c r e a t i n i n e
The a l k a l i n e  p i c r a t e  method a s  d e s c r i b e d  by V a r l e y  (19 6 7 )  was 
employed .
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U r i n é  s a m p le s  were d i l u t e d  1 : 200 w i t h  d i s t i l l e d  w a t e r .  Samples  
o f  d i l u t e d  u r i n e  (3 ml)  were mixed w i t h  1 ml o f  p i c r i c  a c i d  ( 0 . 0 4  M) 
and 1 ml o f  sod ium h y d r o x id e  ( 0 . 7 5  M). The s o l u t i o n s  were a l l o w e d  
t o  s t a n d  f o r  15 min.  a t  20 - 25 °C.
A b l a n k  was p r e p a r e d  c o n s i s t i n g  o f  3 ml o f  d i s t i l l e d  w a t e r ,  1 ml 
o f  p i c r i c  a c i d  ( 0 . 0 4  M) and 1 ml o f  sodium h y d r o x id e  ( 0 . 7 5  M ) .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  u s i n g  c r e a t i n i n e  s o l u t i o n s  a t  
c o n c e n t r a t i o n s  o f  4 - 1 9 ^ t g / m l  0 . 1  M HCl.
The a b s o r b a n c e s  o f  t h e  sample and s t a n d a r d  s o l u t i o n s  were m easured  
a g a i n s t  t h e  b l a n k ,  a t  500 nm, i n  a C e c i l  LE 272 l i n e a r  r e a d o u t  u l t r a ­
v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 3 . 7  U r i n a r y  u r e a
The t e s t  was b a s ed  on t h e  o r i g i n a l  method by F a w c e t t  and S c o t t  
( 1 9 6 0 ) .
U r i n e  s a m p le s  were d i l u t e d  1 : 1000 w i t h  d i s t i l l e d  w a t e r .  Samples  
o f  t h e  d i l u t e d  u r i n e  ( 0 . 2  ml)  were mixed w i t h  0 . 1  ml o f  a s o l u t i o n  
c o n t a i n i n g  m o n cp o ta s s iu m  d i h y d r o g e n  p h o s p h a t e  (6 g / T , ) / d i s o d i u m  mono­
hyd rogen  p h o s p h a t e  (2  g / l ) / u r e a s e  ( c i 10 U / m l ) .
The m i x t u r e s  were i n c u b a t e d  f o r  10 min. a t  37 °C,  t h e n  5 ml o f
a  s o l u t i o n  composed o f  p h e p o l  (0 .1 0 6  M )/ sod ium  n i t r o p r u s s i d e  ( 0 . 1 7  mM) 
and 5 ml o f  a  s o l u t i o n  c o n t a i n i n g  sodium h y p o c h l o r i t e  (11 iriM)/sodium 
h y d r o x i d e  ( 0 . 1 2 5  M) were added t o  a l l  t h e  s a m p l e s .  The s o l u t i o n s
were mixed and i n c u b a t e d  a t  37 °C f o r  a f u r t h e r  15 m i n u t e s .
A b l a n k  was p r e p a r e d  by o m i t t i n g  t h e  sample  in  t h e  e x p e r i m e n t a l  
p r o c e d u r e .
S t a n d a r d s  were p r e p a r e d  by r e p l a c i n g  t h e  sample w i t h  s t o c k  u r e a  
s o l u t i o n  ( 0 . 5 0  mM).
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The a b s o r b a n c e s  o f  t h e  s am ples  and s t a n d a r d  s o l u t i o n s  were 
m easu red  a g a i n s t  t h e  b l a n k ,  a t  550 nm, i n  a C e c i l  LE 272 l i n e a r  r e a d o u t  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 3 . 8  U r i n a r y  g l u c o s e
" C l i n i s t i x "  r e a g e n t  s t r i p s  (Ames Company) were u s e d  f o r  t h e  d e ­
t e r m i n a t i o n  o f  u r i n a r y  g l u c o s e .
3 . 2 . 3 . 9  U r i n a r y  t h i a m i n e
A m o d i f i e d  t h io c h r o m e  p r o c e d u r e  ba sed  on t h e  o r i g i n a l  method by 
L e v e i l l e  (1972 )  was u s e d .
U r i n e  s a m p le s  were d i l u t e d  1 ; 50 w i t h  d i s t i l l e d  w a t e r .  Samples  
o f  t h e  d i l u t e d  u r i n e  (1 ml)  were mixed w i t h  1 . 5  ml o f  d i s t i l l e d  w a t e r ,  
t h e n  1 . 2 5  ml o f  f r e s h l y  p r e p a r e d  o x i d i z i n g  r e a g e n t  s o l u t i o n  (2% p o ­
t a s s i u m  f e r r i c y a n i d e / 4 0 %  sodium h y d r o x i d e ,  2 : A v / v )  were mixed w i t h  
t h e  s a m p l e s .  A f t e r  1 m i n u t e ,  two d r o p s  o f  3% hyd ro g en  p e r o x i d e  were 
added  t o  a l l  t h e  s am ples  f o l l o w e d  by immedia te  m ix i n g .
F i v e  ml o f  i s o b u t y l  a l c o h o l  were t h e n  added t o  a l l  t h e  s a m p le s ,  
t h e  t e s t  t u b e s  were s t o p p e r e d ,  mixed and a l l o w e d  t o  s t a n d  a t  4 °C u n t i l  
t h e  i s o b u t y l  a l c o h o l  l a y e r  was c l e a r  ( 0 . 5  -  1 h ) .  Sam ple s  o f  t h e  c l e a r  
l a y e r  were t r a n s f e r r e d  w i t h  P a s t e u r  p i p e t t e s  t o  f l u o r i m e t e r  c u v e t t e s .
A b l a n k  f o r  e a c h  g ro u p  o f  r a t s  was p r e p a r e d  by m ix ing  1 ml o f  
d i l u t e d  u r i n e  w i t h  1 ml o f  d i s t i l l e d  w a t e r ,  0 . 5  ml o f  sodium h y d r o x i d e  
(1 M) and 1 d r o p  o f  b e n z e n e s u l p h o n y l  c h l o r i d e .  The p r o c e d u r e  d e s c r i b e d  
f o r  t h e  s am p les  was t h e n  f o l l o w e d  f o r  t h e  b l a n k s .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  u s i n g  t h i a m i n e  s o l u t i o n s  a t  c o n ­
c e n t r a t i o n s  o f  0 . 1  -  1 . 0 / z g / m l  0 . 0 1  M HCl.
The f l u o r e s c e n c e s  o f  t h e  s a m p le s  and s t a n d a r d  s o l u t i o n s  were
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m easu red  a g a i n s t  t h e  r e s p e c t i v e  b l a n k s  in  a P e r k i n - E l m e r  MPF-3 f l u o r ­
e s c e n c e  s p e c t r o p h o t o m e t e r  c o n n e c t e d  t o  a H i t a c h i  QPD 33 r e c o r d e r .  An 
e x c i t a t i o n  w a v e l e n g t h  o f  372 nm and an e m i s s i o n  w a v e l e n g t h  o f  424 nm 
were u sed  f o r  a l l  t h e  d e t e r m i n a t i o n s .
3 . 2 . 3 . 1 0  U r i n a r y  i n o r g a n i c  p h o s p h o ru s
The t e s t  was b a s e d  on t h e  o r i g i n a l  method by Z i l v e r s m i t  _et a l  ^
( 1 9 5 0 ) .
U r i n e  s a m p le s  were d i l u t e d  1 : 19 w i t h  d e - i o n i z e d  w a t e r .  Samples  
o f  d i l u t e d  u r i n e  ( 0 . 2  ml)  were d e p r o t e i n i z e d  by m ix ing  w i t h  2 ml o f  
t r i c h l o r o a c e t i c  a c i d  ( 1 . 2  M) f o l l o w e d  by c e n t r i f u g a t i o n  in  a Beckman 
J - 6  c e n t r i f u g e  a t  823.^g
Samples  o f  t h e  d e p r o t e i n i z e d  s u p e r n a t a n t s  (1  ml)  were mixed w i t h  
2 ml- o f  a s o l u t i o n  c o n t a i n i n g  ammonium v a n a d a t e  (21 m M ) / n i t r i c  a c i d  
( 0 . 2 8  M) and ammonium m o lybda te  (40 i r iM )/ su lphur ic  a c i d  ( 1 . 2 5  M), 1 : 1 
v / v .
The s o l u t i o n s  were a l l o w e d  t o  s t a n d  a t  20 - 25 °C f o r  10 m i n u t e s .  
A b l a n k  was p r e p a r e d  by o m i t t i n g  t h e  d e p r o t e i n i z e d  s u p e r n a t a n t  
in  t h e  e x p e r i m e n t a l  p r o c e d u r e .
S t a n d a r d s  were p r e p a r e d  by r e p l a c i n g  t h e  d e p r o t e i n i z e d  s u p e r n a t e s  
w i t h  a  s t a n d a r d  p h o s p h o ru s  . s o l u t i o n  (5 mg/100 m l ) .
The a b s o r b a n c e s  o f  t h e  s a m p le s  and s t a n d a r d  s o l u t i o n s  were 
measu red  a g a i n s t  t h e  b l a n k ,  a t  410 nm, in a C e c i l  LE 272 l i n e a r  r e a d o u t  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 3 . 1 1  U r i n a r y  c h l o r i d e
The t e s t  was ba sed  on t h e  o r i g i n a l  method by S h a l e s  and S h a l e s  
( 1 9 4 1 ) .
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U r i n é  s am p les  were d i l u t e d  1 : 10 w i t h  d e - i o n i z e d  w a t e r .  Samples  
o f  t h e  d i l u t e d  u r i n e  (2 ml)  were mixed w i t h  1 d r o p  o f  s u l p h u r i c  a c i d  
( 0 . 3 4  M) and 3 d r o p s  o f  d i p h e n y l c a r b a z o n e  (100 mg/100 ml 95% e t h a n o l ) .  
The s o l u t i o n s  were t i t r a t e d  w i t h  m e r c u r i c  n i t r a t e  (3  g / 1  0 .0 4  M
HNOg).
The m e r c u r i c  n i t r a t e  s o l u t i o n  was s t a n d a r d i z e d  by t i t r a t i n g  against 
s t a n d a r d  s o l u t i o n  o f  sodium  c h l o r i d e  ( 5 8 4 .4  m g/1 ) .
3 . 2 . 3 . 1 2  U r i n a r y  sodium
Atom ic  a b s o r p t i o n  s p e c t r o s c o p y  was used  t o  d e t e r m i n e  u r i n a r y  
sod ium c o n c e n t r a t i o n s .
Samples  o f  u r i n e  were d i l u t e d  1 ; 200 w i t h  d e - i o n i z e d  w a t e r .
A c a l i b r a t i o n  c u r v e  was p r e p a r e d  u s i n g  sodium c h l o r i d e  s o l u t i o n s  
a t  c o n c e n t r a t i o n s  o f  0 . 1  - 2 . 0  m&i.
Sodium c o n c e n t r a t i o n s  in  t h e  d i l u t e d  u r i n e  sa m p le s  and s t a n d a r d  
s o l u t i o n s  were d e t e r m i n e d ,  a t  58 9 .0  nm, in a  L 353 a to m ic  a b s o r p t i o n - 
e m i s s i o n  s p e c t r o p h o t o m e t e r  c o n n e c t e d  t o  a P e r k i n - E l m e r  56 r e c o r d e r .
3 . 2 . 3 . 1 3  U r i n a r y  p o t a s s i u m
U r i n a r y  p o t a s s i u m  was d e t e r m i n e d  by a to m ic  a b s o r p t i o n  s p e c t r o ­
p h o t o m e t r y  u s i n g  a  s i m i l a r  method t o  t h a t  f o r  u r i n a r y  sodium ( S e c t i o n  
3 . 2 . 3 . 1 2 ) .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  u s i n g  p o t a s s i u m  c h l o r i d e  s o l ­
u t i o n s  a t  c o n c e n t r a t i o n s  o f  0 . 0 5  - 1 . 2 0  mM.
A w a v e l e n g t h  o f  76 6 .5  nm was used  f o r  a l l  t h e  d e t e r m i n a t i o n s .
3 . 2 . 3 . 1 4  U r i n a r y  c a l c i u m
The t e s t  was based  on t h e  o r i g i n a l  method by T r u d e a u  and F r e i e r  
( 1 9 6 7 ) .
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Samples  o f  u r i n e  (0 .C50  ml)  were d i l u t e d  1 : 50 w i t h  2 . 5  ml o f  
a q ue ous  l a n t h a n u m  c h l o r i d e  s o l u t i o n  (0.1% v:/v) u s i n g  a LKB a u t o d i l u t e r .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  w i t h  a q ue ous  c a l c i u m  c a r b o n a t e  
s o l u t i o n s  a t  c o n c e n t r a t i o n s  o f  1 . 5  - 5 . 0  mil.
C a lc ium  c o n c e n t r a t i o n s  in  t h e  d i l u t e d  u r i n e  and s t a n d a r d  s o l u t i o n s  
were m easu red ,  a t  4 2 2 .7  nm, in  a  P e r k i n - E l m e r  303 a to m ic  a b s o r p t i o n  
s p e c t r o m e t e r  c o n n e c t e d  t o  a P e r k i n - E l m e r  56 r e c o r d e r .
3 . 2 . 3 . 1 5  U r i n a r y  t o t a l  f o l a t e
A c o m p e t i t i v e  p r o t e i n  b i n d i n g  a s s a y  method (The R a d i o c h e m ic a l  
C e n t r e )  was u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  u r i n a r y  t o t a l  f o l . a t e .
Samples  o f  u n d i l u t e d  u r i n e  ( 0 . 2  ml)  were mixed w i t h  0 . 4  ml o f  
l y s i n e  b u f f e r .
The s o l u t i o n s  were i n c u b a t e d  in  a  b o i l i n g  w a t e r  b a t h  f o r  5 m in ­
u t e s ,  f o l l o w e d  by c o o l i n g  in  a  w a t e r  b a t h  a t  room t e m p e r a t u r e  f o r  30
m i n u t e s .  The c o o l e d  s o l u t i o n s  were mixed w i t h  0 . 1  ml o f  an a que ous  
75s o l u t i o n  o f  Se — s e l e n o f o l a t e  ( 0 . 5  )uCi /m l)  and 0 . 1  ml o f  p o r c i n e  
se rum b i n d e r ,  f o l l o w e d  by i n c u b a t i o n  a t  20 - 25 ^C f o r  30 m i n u t e s .
The s o l u t i o n s  were t h e n  mixed w i t h  0 . 2  ml o f  c h a r c o a l  a d s o r b e n t  
s u s p e n s i o n  and c e n t r i f u g e d  in  a  Beckman J - 6  c e n t r i f u g e  a t  1852 g^^ f o r  
30 m i n u t e s .
The s u p e r n a t e s  were d e c a n t e d  i n t o  p l a s t i c  d i s p o s a b l e  c o u n t i n g
v i a l s .
A c a l i b r a t i o n  curv'e was p r e p a r e d  u s i n g  s t a n d a r d  s o l u t i o n s  o f  
N ^ - r a e t h y l t e t r a h y d r o f o l a t e  i n  c a p r i n e  se rum ( 0 . 9  - 1 3 .4  n g / m l ) .
The r a d i o a c t i v i t i e s  o f  t h e  s am p les  and s t a n d a r d  s o l u t i o n s  were 
d e t e r m i n e d  in  a  LKB W a l l a c  80000 gamma sample c o u n t e r .
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3 . 2 . 3 . 1 6  U r i n a r y  o x a l a t e
A m o d i f i e d  p r o c e d u r e  based  on t h e  o r i g i n a l  method o f  Hodgkinson
and w i l l i a m s  (1972 )  was u s e d .
Samples  o f  u r i n e  ( 0 . 5  ml)  were a c i d i f i e d  w i t h  c o n c e n t r a t e d
0 = 1 . 1 8 0  g / m l )  h y d r o c h l o r i c  a c i d  (1 m l/100  ml u r i n e )  and mixed w i t h
d e - i o n i z e d  w a t e r  ( 1 . 5  ml)  and 1 d r o p  o f  0.4% bromo-thymol b l u e .
The s o l u t i o n s  were a d j u s t e d  t o  pH 7 by t h e  a d d i t i o n  o f  0 . 1  M
sodium h y d r o x i d e ,  f o l l o w e d  by m ix ing  w i t h  2 ml o f  s a t u r a t e d  a queous
s o l u t i o n  o f  c a l c i u m  s u l p h a t e  and 14 ml o f  a b s o l u t e  e t h a n o l .  The
m i x t u r e s  were a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t ,  t h e n
c e n t r i f u g e d  in  a Beckman J - 6  c e n t r i f u g e  a t  1852 g and t h e  s u p e r n a t e sav ^
were d e c a n t e d .  The p r e c i p i t a t e s  were d i s s o l v e d  in  2 ml 1 H s u l p h u r i c  
a c i d .
P i e c e s  o f  z i n c  ( = 2  mm x  o mm) were c l e a n e d  in  f r e s h l y  p r e p a r e d .
10 M n i t r i c  a c i d  and washed in  d e - i o n i z e d  w a t e r .  Two p i e c e s  o f  c l e a n e d  
z i n c  were added  t o  e a c h  s o l u t i o n  o f  d i s s o l v e d  p r e c i p i t a t e s .
The s o l u t i o n s  were h e a t e d  in  a b o i l i n g  w a t e r  b a t h  t o  d r y n e s s  and 
t h e  r e m a i n i n g  p i e c e s  o f  z i n c  were removed w i t h  a  g l a s s  rod  and washed 
w i t h  0 . 5  ml o f  an aqueous  s o l u t i o n  o f  4 - 5 - d i h y d r o x y n a p h t h a l e n e  2 , 7 -  
d i s u l p h o n i c  a c i d  (1% w / v ) .  The w a s h in g s  were added t o  t h e  p r e c i p i ­
t a t e s ,  f o l l o w e d  by 5 ml o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
The s o l u t i o n s  were h e a t e d  in  a  b o i l i n g  w a t e r  b a t h  f o r  30 m i n u t e s ,  
t h e n  c o o l e d  in  a  w a t e r  b a t h  a t  room t e m p e r a t u r e .
The c o o l e d  s o l u t i o n s  were d i l u t e d  t o  20 ml w i t h  s u l p h u r i c  a c i d
(5  M).
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  w i t h  sodium o x a l a t e  s t a n d a r d  
s o l u t i o n s  c o r r e s p o n d i n g  t o  amounts  o f  o x a l i c  a c i d  o f  20 - 196 Mg.
A b l a n k  was' p r e p a r e d  by r e p l a c i n g  t h e  s t a n d a r d  s o l u t i o n s  w i t h
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d e - i o n i z e d  w a t e r .
The a b s o r b a n c e s  o f  t h e  s am ples  and s t a n d a r d  s o l u t i o n s  were d e ­
t e r m i n e d  a g a i n s t  t h e  b l a n k ,  a t  570 nm, in  a C e c i l  IE 272 l i n e a r  r e a d o u t  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 3 . 1 7  Q u a l i t a t i v e  c h e m i c a l  i d e n t i f i c a t i o n  o f  u r i n a r y  b l a d d e r  
c a l c u l i
U r i n a r y  b l a d d e r  c a l c u l i  found in  two mice o f  t h e  2% DSH group  
were washed w i t h  d e - i o n i z e d  w a t e r ,  d r i e d  a t  100 °C and p h o t o g ra p h e d  
( A u d i o - V i s u a l  U n i t ,  U n i v e r s i t y  o f  S u r r e y ) .
The q u a l i t a t i v e  c h e m i c a l  i d e n t i f i c a t i o n  o f  t h e  component s  o f  t h e  
u r i n a r y  b l a d d e r  c a l c u l i  was based  on t h e  c h e m i c a l  a n a l y s i s  s equence  
recommended by La Ganga ( 1 9 7 4 ) .
U r a t e s ,  c y s t i n e ,  c a r b o n a t e ,  c a l c i u m  o x a l a t e ,  c a l c i u m  o t h e r  t h a n  
o x a l a t e  and p h o s p h a t e  were d e t e r m i n e d  a s  d e s c r i b e d  by Simmons and 
Gentzkow ( 1 9 4 4 ) .
C a lc iu m  o x a l a t e  was a l s o  d e t e r m i n e d  c o l o r i m e t r i c a l l y  (Hodkinson  
and W i l l i a m s ,  1 9 72 ) .
Magnesium was d e t e r m i n e d  u s i n g  t h e  method d e s c r i b e d  by Leona rd  
and B u t t  (19 5 5 )  and ammonium ion u s i n g  t h e  method r e p o r t e d  by Chaney 
and Marbach ( 1 9 6 2 ) .
The p r e s e n c e  o f  u r a t e s  was a n a l y s e d  by r e d u c t i o n  o f  a l k a l i n e  
p h o s p h o t u n g s t a t e  t o  t u n g s t e n  b l u e ;  c y s t i n e  by t h e  c o l o u r  f o r m a t i o n  in  
t h e  c y a n i d e - n i t r o p r u s s i d e  t e s t ;  c a r b o n a t e  by t h e  r e l e a s e  o f  C0_ upon 
a c i d i f i c a t i o n ;  c a l c i u m  o x a l a t e  by p r e c i p i t a t i o n  a t  pH 3-4  and by t h e  
c o l o r i m e t r i c  method d e s c r i b e d  in  S e c t i o n  3 . 2 . 3 . 1 6 ;  c a l c i u m  o t h e r  t h a n  
o x a l a t e . b y  p r e c i p i t a t i o n  w i t h  o x a l a t e  a f t e r  r em ova l  o f  i n t r i n s i c  c a l c i u m  
o x a l a t e ;  p h o s p h a t e  by p r e c i p i t a t i o n  a s  ammonium p h o s p h o m o l y b d a te ; mag­
n e s iu m  by t h e  T i t a n - y e l l o w  r e a c t i o n  and ammonium ion by c o l o u r  f o rm a ­
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t i o n  in the- a l k a l i n e - h y p o c h l o r i t e  r e a c t i o n .
3 . 2 . 3 . 1 8  I n f r a r e d  s p e c t r o s c o p y  o f  t h e  u r i n a r y  b l a d d e r  c a l c u l i
The i n f r a r e d  s p e c t r a  o f  t h e  u r i n a r y  b l a d d e r  c a l c u l i  (KBr d i s c s )  
were d e t e r m i n e d  in. a P e r k i n - E l m e r  577 g r a t i n g  i n f r a r e d  s p e c t r o p h o t o m e t e r
3 . 2 . 4  C l i n i c a l  b i o c h e m i c a l  e x a m i n a t i o n s
3 . 2 . 4 . 1  Serum a l k a l i n e  p h o s p h a t a s e
The t e s t  was ba sed  on t h e  o r i g i n a l  method by B e sse y  e t  aA ( 1 9 4 6 ) .  
Samples  o f  se rum ( 0 . 1  ml)  were mixed w i t h  1 ml o f  sodium p - n i t r o -  
p h e n y l p h o s p h a t e  ( 5 . 5  mM).
The s o l u t i o n s  were i n c u b a t e d  a t  37 °C f o r  30 m i n u t e s ,  f o l l o w e d  by 
a d d i t i o n  o f  10 ml o f  sodium h y d r o x id e  ( 0 . 0 2  M) w i t h  m ix in g .
B l a n k s  were p r e p a r e d  by a d d in g  t h e  sample a f t e r  t h e  sodium  h y ­
d r o x i d e  s o l u t i o n .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  by d i l u t i o n  o f  s t o c k  p - n i t r o -
p h e n o l  s o l u t i o n  ( 0 . 5  mM).
A b s o r b a n c e s  o f  t h e  s am p les  and s t a n d a r d  s o l u t i o n s  were m easured  
a g a i n s t  t h e  b l a n k ,  a t  410 nm, in  a C e c i l  LE 272 l i n e a r  r e a d o u t  u l t r a ­
v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 4 . 2  Serum a l a n i n e  t r a n s a m i n a s e
The t e s t  was based  on t h e  o r i g i n a l  method by Rei t raan and F r a n k e l  
( 1 9 5 7 ) .
S am ple s  o f  se rum ( 0 . 1  ml)  were mixed w i t h  0 . 5  ml o f  a  s o l u t i o n  
c o n t a i n i n g  0 . 1  M p h o s p h a t e  b u f f e r ,  • pH 7 .4  ( 0 . 1  M d i s o d i u m  p h o s p h a t e  and 
0 . 1  M p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e ,  21 : 4 v / v ) / D L - a l a n i n e  ( 0 . 2  M)/ 
a - o x o g l u t a r a t e  (2 niM).
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A b l a n k  was p r e p a r e d  by- s u b s t i t u t i n g  t h e  sample w i t h  d i s t i l l e d
w a t e r .
The m i x t u r e s  were i n c u b a t e d  a t  37 °C f o r  30 m i n u t e s ,  f o l l o w e d  
by m ix ing  w i t h  0 . 5  ml o f  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  (1 mM). The 
s a m p le s  were a l l o w e d  t o  s t a n d  f o r  a  f u r t h e r  20 m i n u t e s  a t  20 25 °C ,
f o l l o w e d  by m ix ing  w i t h  5 ml o f  sodium h y d r o x id e  ( 0 . 4  M). The samples  
were a l l o w e d  t o  s t a n d  f o r  a f u r t h e r  5 m in u t e s  a t  20 - 25 °C.
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  by d i l u t i o n  o f  s t o c k  p y r u v a t e  
s o l u t i o n  (2 mM).
A b s o r b a n c e s  o f  t h e  s am p les  and t h e  s t a n d a r d  s o l u t i o n s  were 
measured  a g a i n s t  t h e  b l a n k ,  a t  540 nm, in  a C e c i l  LE 272 l i n e a r  r e a d o u t  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 4 . 3  Serum t o t a l  p r o t e i n
The t e s t  was based  on t h e  o r i g i n a l  method by W eichselbaum ( 1 9 4 6 ) .  
Samples  o f  se rum ( 0 . 1  ml)  were mixed w i t h  5 ml o f  a  s o l u t i o n  
c o n t a i n i n g  sodium h y d r o x i d e  ( 0 . 1  M ) / p o t a s s i u m - s o d i u m - t a r t r a t e  (16 mrl)/ 
p o t a s s i u m  i o d i d e  (15  m M )/cupr ic  s u l p h a t e  (6 i^I) .  The s o l u t i o n s  were 
a l l o w e d  t o  s t a n d  a t  20 -  25 °C f o r  30 m i n u t e s .
A b l a n k  was p r e p a r e d  by o m i t t i n g  t h e  sample in  t h e  e x p e r i m e n t a l  
p r o c e d u r e . . -
S t a n d a r d s  were p r e p a r e d  u s i n g  a  s t a n d a r d  p r o t e i n  s o l u t i o n  (6 g /  
100 m l ) .
The a b s o r b a n c e s  o f  t h e  s am ples  and s t a n d a r d  s o l u t i o n s  were 
m easu red  a g a i n s t  t h e  b l a n k ,  a t  550 nm, in  a  C e c i l  LE 272 l i n e a r  r e a d o u t  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .
3 . 2 . 4 . 4  Serum t o t a l  f o l a t e
A c o m p e t i t i v e  p r o t e i n  b i n d i n g  a s s a y  method (The R a d i o c h e m ic a l
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C e n t r e )  was used  f o r  t h e  d e t e r m i n a t i o n  o f  serum t o t a l  f o l a t e  c o n c e n ­
t r a t i o n s .
Samples  o f  serum ( 0 . 1  ml)  were d i l u t e d  w i t h  0 . 1  ml o f  an a queous  
s o l u t i o n  o f  sodium a s c o r b a t e  (6 g / 1 ) .  Samples  o f  t h e  d i l u t e d  serum 
( 0 . 2  ml)  were mixed w i t h  0 . 4  ml o f  l y s i n e  b u f f e r .  The c o n c e n t r a t i o n  
o f  t o t a l  f o l a t e  in  t h e  d i l u t e d  sam ples  was d e t e r m i n e d  a s  d e s c r i b e d  
f o r  u r i n a r y  t o t a l  f o l a t e  ( S e c t i o n  3 . 2 . 3 . 1 5 ) .
3 . 2 . 4 . 5  Serum i n o r g a n i c  p h o s p h o ru s
Serum i n o r g a n i c  p h o s p h o ru s  c o n c e n t r a t i o n s  were d e t e r m i n e d  on 
u n d i l u t e d  serum s am p les  ( 0 . 2  ml)  f o l l o w i n g  t h e  e x p e r i m e n t a l  p r o c e d u r e  
d e s c r i b e d  f o r  u r i n a r y  i n o r g a n i c  p h o s p h o ru s  ( S e c t i o n  3 . 2 . 3 . 1 0 ) .
3 . 2 . 4 . 6  Serum sodium
Samples  o f  se rum were d i l u t e d  1 : 100 w i t h  d e - i o n i z e d  w a t e r .  The 
c o n c e n t r a t i o n  o f  sodium in  t h e  d i l u t e d  s am p les  was d e t e r m i n e d  a s  d e ­
s c r i b e d  f o r  u r i n a r y  sodium ( S e c t i o n  3 . 2 . 3 . 1 2 ) .
3 . 2 . 4 . 7  Serum p o t a s s i u m
Samples  o f  se rum were d i l u t e d  1 : 50 w i t h  d e - i o n i z e d  w a t e r .  The 
c o n c e n t r a t i o n  o f  p o t a s s i u m  in  t h e  d i l u t e d  s am p les  was d e t e r m i n e d  a s  
d e s c r i b e d  f o r  u r i n a r y  p o t a s s i u m  ( S e c t i o n  3 . 2 . 3 . 1 3 ) .
3 . 2 . 4 . 8  Scrum c a l c i u m
Samples  o f  serum were d i l u t e d  1 : 50 w i t h  a q u e o u s  l a n t h a n u m  c h l o r ­
id e  s o l u t i o n  (0.1% w / v ) .  The c o n c e n t r a t i o n  o f  c a l c i u m  in  t h e  d i l u t e d  
s a m p le s  was measured  a s  d e s c r i b e d  f o r  u r i n a r y  c a l c i u m  ( S e c t i o n  3 . 2 . 3 . 1 4 )
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3 . 2 . 4 . 9  L i v e r  t h i a m i n e
A m o d i f i e d  t h io c h r o m e  p r o c e d u r e  based  on t h e  o r i g i n a l  method by 
L e v e i l l e  (1972 )  was u s e d .
L i v e r  s a m p le s  ( 1 . 0 9  - 2 . 5 0  g )  were homogenized  w i t h  15 ml o f  
0.9% sodium c h l o r i d e .  Samples  o f  t h e  homogenates  (1 ml)  were 
d e p r o t e i n i z e d  by m ix in g  w i t h  2 ml o f  t r i c h l o r o a c e t i c  a c i d  (5%), f o l l o w e d  
by c e n t r i f u g a t i o n  in  a  Beckman J - 6  c e n t r i f u g e  a t  823 g^^
Samples  o f  t h e  d e p r o t e i n i z e d  s u p e r n a t e s  (1 ml)  were t a k e n  f o r
t h i a m i n e  d e t e r m i n a t i o n  a s  d e s c r i b e d  f o r  u r i n a r y  t h i a m i n e  ( S e c t i o n  
3 . 2 . 3 . 9).
3 . 2 . 5  Haem ato logy
3 . 2 . 5 . 1  Haemoglobin
The t e s t  was b a s e d  on t h e  o r i g i n a l  method by Van Kampen and 
Z i j l s t r a  ( 1 9 6 1 ) .
A c o l o u r  r e a g e n t  s o l u t i o n  was p r e p a r e d  c o n t a i n i n g  p o t a s s i u m  d i ­
hydrogen  p h o s p h a t e  (1 mM), p o t a s s i u m  c y a n id e  ( 0 . 7 5  mM), p o t a s s i u m  
f e r r i c y a n i d e  ( 0 . 6  mM)/5% d e t e r g e n t ,  1000 ; 2 v / v .
Samples  o f  b lood  ( 0 . 0 2  ml)  were mixed w i t h  5 ml o f  t h e  c o l o u r
r e a g e n t  s o l u t i o n .  The m i x t u r e s  were k e p t  a t  20 -  25 °C f o r  t h r e e
m i n u t e s .
A c a l i b r a t i o n  c u r v e  was p r e p a r e d  u s i n g  cyanmethaemoglobin s t a n d a r d  
s o l u t i o n s  ( 1 9 . 9  - 79 .6  mg/100 m l ) .
A b s o r b a n c e s  o f  t h e  s a m p le s  and s t a n d a r d  s o l u t i o n s  were measured  
a g a i n s t  d i s t i l l e d  w a t e r ,  a t  540 nm, in  a  C e c i l  LE 272 l i n e a r  r e a d o u t  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .
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3 . 2 . 5 . 2  H a e m a to c r i t
Sam ples  o f  b lood  were s e a l e d  ( C r i . s t a s e a l ,  Hawksley and Sons LTD) 
in  MSE h a e m a t o c r i t  t u b e s .  The t u b e s  were spun in  a MSE h a e m a to c r i t  
c e n t r i f u g e  (6 m i n u t e s ) .  H a e m a to c r i t  v a l u e s  were r e a d  d i r e c t l y  from  
a MSE h a e m a t o c r i t  r e a d e r .
3 . 2 . 5 . 3  E r y t h r o c y t e s  and t o t a l  l e u c o c y t e s
Blood sa m p le s  were d i l u t e d  1 ; 500 f o r  t o t a l  l e u c o c y t e s  and 
1 : 50000 f o r  e r y t h r o c y t e s  in  a  C o u l t e r  C o u n te r  d u a l - d i l u t e r ,  u s in g  
I s o t o n  I I  a s  t h e  d i l u e n t .  Z apon in  (6 d ro p s  in  20 ml d i l u t e d  b lo o d )  
was u se d  a s  t h e  l y s i n g  r e a g e n t  f o r  th e  t o t a l  l e u c o c y t e s  d e t e r m i n a t i o n s .
E r y t h r o c y t e s  and t o t a l  l e u c o c y t e s  were c o u n te d  in  a  C o u l t e r  
C o u n te r  Model . Count l o s s e s  due t o  c o i n c i d e n t  p a s s a g e  o f  c e l l s  
were c o r r e c t e d  by means o f  a  C o u l t e r  C o u n te r  c o in c i d e n c e  c o r r e c t i o n  
c h a r t .
3 . 2 . 6  H i s t o l o g y
3 . 2 . 6 . 1  S h o r t - t e r m  s tu d y  (21 d a y s )  - r a t s
Sam ples  o f  t h e  s e l e c t e d  o r g a n s  d i s s e c t e d  a t  th e  p o s t - m o r t e n  e x ­
a m i n a t i o n s  were p r e s e r v e d  in  10% n e u t r a l  b u f f e r e d  f o r m a l in  and s t o r e d  
a t  room t e m p e r a t u r e  f o r  a  minimum o f  14 d ays  t o  p ro d u ce  optimum f i x ­
a t i o n .
The f i x e d  t i s s u e s  were d e h y d r a t e d  in  a H i s t o k i n e t t e  a u to m a t i c  
t i s s u e  p r o c e s s o r ,  embedded in  p a r a f f i n  wax, c u t  in  an A m erican  O p t i c a l  
S p e n c e r  820 r o t a r y  m icro tom e (5  fxm s e c t i o n s ) ,  p l a c e d  on s l i d e s ,  s t a i n e d  
w i th  E h r l i c h ’ s a c i d  h a e m a to x y l in  and e o s i n  and mounted in  Û .P .X . (BDH) 
a s  d e s c r i b e d  by T a ja  ( 1 9 7 9 ) .
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L i v e r  s e c t i o n s  were a l s o  s t a i n e d  u s in g  th e  p e r i o d i c  a c i d - s c h i f f  
(PAS) t e c h n iq u e  (McManus, 1 9 4 6 ) .  C o n t r o l  s l i d e s  were p r e p a r e d  by 
t r e a t i n g  s e c t i o n s  o f  th e  l i v e r  sam p les  w i th  0.1% d i a s t a s e .
M ic ro p h o to g ra p h s  o f  s e l e c t e d  s t a i n e d  l i v e r  s e c t i o n s  were t a k e n  
w i th  a Kodak cam era  f i t t e d  to  a V ic k e r s  M 15c m ic ro sc o p e  c o n n e c te d  
to  a V i c k e r s  a u to m a t i c  e x p o s u re  u n i t .
3 . 2 . 6 . 2  S h o r t - t e r m  s tu d y  (90 d a y s )  -  mice
Sam ples o f  t h e  s e l e c t e d  o r g a n s  f i x e d  in  10% n e u t r a l  b u f f e r e d  
f o r m a l in  were p r o c e s s e d  and s t a i n e d  w i th  E h r l i c h ’ s a c i d  h a e m a to x y l in  
and e o s i n  a s  d e s c r i b e d  in  S e c t i o n  3 . 2 . 6 . 1 .
K idney  and u r i n a r y  b l a d d e r  s e c t i o n s  were a l s o  s t a i n e d  u s in g  th e  
Von K o s s a ’ s s i l v e r  method f o r  c a lc iu m  (Von K o ssa ,  1 9 0 1 ) .
3 . 2 . 7  A c u te  s t u d i e s
3 . 2 . 7 . 1  R a ts
F iv e  m ale r a t s  (114 + 6 g body w t)  and f i v e  fem a le  r a t s  (71 + 3 g 
Dody w t)  were do sed  i n t r a g a s t r i c a l l y  w i th  a q u eo u s  s o l u t i o n s  o f  DSH 
( 0 .3 7  g / m l ) .  A s i n g l e  dose  o f  5 g DSH/Kg body wt was u se d  t h r o u g h o u t .
F iv e  m ale  r a t s  (110 + 7 g body w t)  and f i v e  fem a le  r a t s  (71 + 6 g 
body w t)  were u se d  a s  c o n t r o l s  and were g iv e n  a s i m i l a r  amount o f  t h e  
v e h i c l e  em ployed .
A l l  th e  a n im a ls  were k e p t  f o r  14 d a y s  d u r in g  w hich  t im e  m o r t a l i t y ,  
body w e ig h tsg ,  i - food  i n t a k e  and g e n e r a l  h e a l t h  o b s e r v a t i o n s  were 
r e c o r d e d .
On day  11, t h e  r a t s  were housed  s i n g l y  in  g l a s s  m e ta b o l i s m  c a g e s  
t h a t  e n a b le d  s e p a r a t e  c o l l e c t i o n  o f  u r i n e ,  in  r e c e i v e r s  c o o le d  in  i c e ,  
and f a e c e s .  An a c c l i m a t i z a t i o n  p e r i o d  o f  24 h was o b s e rv e d  f o r  a l l
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t h e  a n im a ls  p r i o r  t o  th e  24 h u r i n e  and f a e c e s  c o l l e c t i o n  p e r i o d s .  •
A l l  a n im a ls  were k i l l e d  by e x s a n g u i n a t i o n  from c a r d i a c  p u n c tu r e ,  
in d e r  e t h e r  a n a e s t h e s i a ,  14 d a y s  a f t e r  d o s in g .  Blood sam p les  ( 0 . 5  ml) 
were t a k e n  i n t o  EDTA t u b e s  f o r  h a e m a to l o g i c a l  e x a m i n a t i o n s .  The 
r e m a in in g  c a r c a s s e s  were d i s s e c t e d  and s e l e c t e d  o r g a n s  w e ighed .
U r i n a r y  b lo o d ,  pH and s p e c i f i c  g r a v i t y  and h a e m o g lo b in ,  h a e m a to c r i t  
and e r y t h r o c y t e  and t o t a l  l e u c o c y t e s  c o u n t s  we re  p e rfo rm e d  a s  d e s c r i b e d  
in  S e c t i o n  3 . 2 . 3  and S e c t i o n  3 , 2 , 5 .
3 . 2 . 7 . 2  Mice
F iv e  male mice (36 + 1 g body w t)  and f i v e  fem a le  mice (30 + 2 g 
body w t)  were d o se d  i n t r a g a s t r i c a l l y  w i th  aqueous  s o l u t i o n s  o f  DSH 
( 0 .3 7  g / m l ) .  A s i n g l e  dose  o f  5 g DSH/Kg body wt was u se d  t h r o u g h o u t .  • 
F iv e  male mice (31 + 2 g body w t ) and f i v e  fem a le  mice (28  + 3 g 
body w t)  were u se d  a s  c o n t r o l s  and were g iv e n  a s i m i l a r  amount o f  th e  
v e h i c l e  em ployed .
The e x p e r i m e n t a l  p r o t o c o l  o u t l i n e d  in  S e c t i o n  3 . 2 . 7 . 1  was fo l lo w e d  
b u t  no u r i n a l y s e s  were made.
3 . 2 . 8  S h o r t - t e r m  s t u d i e s
3 . 2 . 8 . 1  R a t s  (21 d a y s )  -
F o r t y  w e a n l in g  male r a t s  (46 + 6 g body w t)  were random ly  d i v i d e d
i n t o  f o u r  g r o u p s  o f  t e n  r a t s .  The a n im a ls  were caged  in  s u b g ro u p s  o f
f i v e  a n im a ls  p e r  c a g e .
The c o n t r o l  g ro u p  was fed  w i th  s t o c k  d i e t  ( S p r a t t ' s  powdered d i e t
f o r  r o d e n t s  N° 2 , S p r a t t ' s  L a b o r a t o r y  S e r v i c e s ) .
A' th ia m in e  c o n t r o l  g ro u p  was fe d  w i th  th e  s to c k  d i e t  su p p le m e n te d  
w i th  th ia m in e  (50 mg/kg d i e t ) .
52
The r e m a in in g  two g ro u p s  were g iv e n  DSH, a d m i n i s t e r e d  in  th e  
d r i n k i n g  w a te r ,  a t  c o r r e s p o n d in g  d i e t a r y  l e v e l s  o f  Ü.5 and 2%. The 
two t e s t  g ro u p s  were fe d  w i th  th e  th ia m in e  s u p p le m e n te d  s to c k  d i e t .
A l l  th e  a n im a ls  had f r e e  a c c e s s  t o  t h e i r  r e s p e c t i v e  d i e t s  and 
d r i n k i n g  w a t e r .
In  o r d e r  to  a l l o w  s u f f i c i e n t  t im e  f o r  th e  u r i n e  and f a e c e s  c o l ­
l e c t i o n s  and th e  p o s t-m o r te m  e x a m in a t io n s ,  th e  e x p e r im e n t  was s t a r t e d  
w i th  t h e  c o n t r o l  g ro u p ,  fo l lo w e d  by th e  th ia m in e  c o n t r o l  g ro u p  2 d a y s  
l a t e r ,  t h e  U.5% DSH g ro u p  9 d ays  l a t e r  and th e  2% DSH g ro u p  13 d a y s  
l a t e r .  Each  g ro u p  o f  r a t s  was fed  w i th  i t s  r e s p e c t i v e  d i e t  f o r  21 
d a y s .
Food i n t a k e  and body w e ig h t  g a i n s  were r e c o r d e d  w eek ly .
On day  17 , t h e  a n im a ls  were housed  s i n g l y  in  g l a s s  m e ta b o l is m
c a g e s  t h a t  e n a b le d  s e p a r a t e  c o l l e c t i o n  o f  u r i n e ,  in  r e c e i v e r s  c o o le d  
in  i c e ,  and f a e c e s .  An a c c l i m a t i z a t i o n  p e r i o d  o f  24 h was o b s e rv e d  
f o r  a l l  th e  a n im a ls  p r i o r  t o  th e  24 h u r i n e  and f a e c e s  c o l l e c t i o n  
p e r i o d s .
On day  21 , a l l  a n im a ls  were k i l l e d  by e x s a n g u i n a t i o n  from  c a r d i a c
p u n c tu r e  u n d e r  e t h e r  a n a e s t h e s i a .
Blood sa m p le s  ( 0 . 5  m l) were p l a c e d  in EDTA t u b e s  f o r  h a e m a to l o g i c a l  
e x a m i n a t i o n s .
Serum was o b t a i n e d  by c e n t r i f u g i n g  in  a  Beckman J - 6  c e n t r i f u g e ,  
a t  823 g y ,  b lo o d  sa m p le s  (3  - 4 ml) t h a t  had been a l lo w e d  to  c l o t  in  
p l a i n  t e s t  t u b e s  a t  4 °C .
Serum a l k a l i n e  p h o s p h a ta s e ,  a l a n i n e  t r a n s a m i n a s e  and u r i n a r y  
a s p a r t a t e  t r a n s a m i n a s e  were d e te r m in e d  on th e  day  o f  c o l l e c t i o n .
The serum  and u r i n e  sam p les  were s t o r e d  a t  -40  °C u n t i l  r e q u i r e d  
f o r  f u r t h e r  work.
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The r e m a in in g  c a r c a s s e s  were d i s s e c t e d  and s e l e c t e d  o r g a n s  weighed
Sam ples  o f  th e  s e l e c t e d  o r g a n s  were p r e s e r v e d  f o r  h i s t o l o g i c a l  
e x a m in a t io n  in  10% n e u t r a l  b u f f e r e d  f o r m a l i n .
The u r i n a l y s i s ,  c l i n i c a l  b io c h e m ic a l  t e s t s  and h a e m a to l o g i c a l  
and h i s t o l o g i c a l  e x a m in a t io n s  p e rfo rm e d  in  th e  r a t  2 1 - day..: s tu d y  were 
a s  f o l l o w s ;
U r i n a r y  b lo o d ,  pH, s p e c i f i c  g r a v i t y ,  a s p a r t a t e  t r a n s a m i n a s e ,  t o t a l  
p r o t e i n ,  c r e a t i n i n e ,  u r e a ,  g l u c o s e ,  t h i a m i n e ,  i n o r g a n i c  p h o s p h o ru s ,  
c h l o r i d e ,  sodium , p o t a s s iu m  and c a lc iu m  were d e te r m in e d  a s  d e s c r i b e d  
in  S e c t i o n  3 . 2 . 3 .
Serum a l k a l i n e  p h o s p h a ta s e ,  t o t a l  p r o t e i n ,  t o t a l  f o l a t e ,  i n o r g a n i c  
p h o s p h o ru s ,  sodium , p o t a s s iu m  and c a lc iu m  were d e te r m in e d  a s  d e s c r i b e d  
in  S e c t i o n  3 . 2 . 4 .
H aem oglob in , h a e m a t o c r i t  and e r y t h r o c y t e  and t o t a l  leu c o c y te . ;  
c o u n t s  were d e te r m in e d  a s  d e s c r i b e d  in  S e c t i o n  3 . 2 . 5 .
L i g h t  m ic r o s c o p ic  s t u d i e s  were p e rfo rm e d  a s  d e s c r i b e d  in  S e c t i o n
3 . 2 . 6 . 1 .
3 . 2 . 8 . 2  Mice (90 d a y s )
F i f t y  w e a n l in g  male mice (15 + 1 g body w t)  were ran d o m ly  d i v id e d  
i n t o  f i v e  g r o u p s  o f  t e n  m ice .  The a n im a ls  were caged  in  s u b g ro u p s  o f
f i v e  a n im a ls  p e r  c a g e .
The c o n t r o l  g ro u p  was fed  w i th  s to c k  d i e t  ( S p r a t t ' s  powdered d i e t
f o r  r o d e n t s  2, S p r a t t ' s  L a b o r a t o r y  S e r v i c e s ) .
A th ia m in e  c o n t r o l  g ro u p  was f e d  w i th  th e  s to c k  d i e t  s u p p le m e n te d  
w i th  th ia m in e  (50 mg/Kg d i e t ) .
The r e m a in in g  t h r e e  g ro u p s  were g iv e n  DSH, a d m i n i s t e r e d  in  th e  
d r i n k i n g  w a t e r ,  a t  c o r r e s p o n d in g  d i e t a r y  l e v e l s  o f  0 . 5 ,  1 and 2%. The 
t h r e e  t e s t  g ro u p s  were fed  w i th  t h e  t h ia m in e  s u p p le m e n te d  s t o c k  d i e t .
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A l l  th e  a n im a ls  had f r e e  a c c e s s  t o  t h e i r  r e s p e c t i v e  d i e t s  and' 
d r i n k i n g  w a te r .
The e x p e r im e n t  was s t a r t e d  in  a s i m i l a r  way a s  d e s c r i b e d  in  
S e c t i o n  3 . 2 . 8 . 1 .  Each  g ro u p  o f  mice was fed  w i th  i t s  r e s p e c t i v e  d i e t  
f o r  90 d a y s .
Food i n t a k e  and body w e ig h t  g a i n s  were r e c o r d e d  w eek ly .
On day  86, t h e  a n im a ls  were housed  s i n g l y  in  g l a s s  m e ta b o l is m  
c a g e s  and u r i n e  and f a e c e s  were c o l l e c t e d  a s  d e s c r i b e d  in  S e c t i o n
3 . 2 . 8 . 1 .
On day  90, a l l  t h e  a n im a ls  were k i l l e d  and b lo o d ,  serum  and s e ­
l e c t e d  o r g a n s  were c o l l e c t e d  a s  d e s c r i b e d  in  S e c t i o n  3 . 2 . 8 . 1 .
The u r i n a l y s i s ,  serum  b i o c h e m is t r y  t e s t s  and h a e m a to l o g i c a l  and 
h i s t o l o g i c a l  e x a m i n a t i o n s  p e rfo rm e d  in  t h e  mice 90 d a y s  s tu d y  were a s  
f o l l o w s :
U r i n a r y  b lo o d ,  pH, s p e c i f i c  g r a v i t y ,  a s p a r t a t e  t r a n s a m i n a s e ,  g l u c o s e ,  
t o t a l  p r o t e i n ,  c r e a t i n i n e ,  u r e a ,  t h i a m in e ,  i n o r g a n i c  p h o s p h o ru s ,  c h l o r i d e ,  
sodium , p o t a s s iu m ,  c a lc iu m ,  o x a l a t e  and t o t a l  f o l a t e  and th e  q u a l i t a t i v e  
c h e m ic a l  i d e n t i f i c a t i o n  and i n f r a r e d  s p e c t r o s c o p y  o f  u r i n a r y  b l a d d e r  
c a l c u l i  were p e rfo rm e d  a s  d e s c r i b e d  in  S e c t i o n  3 . 2 . 3 .
Serum a l k a l i n e  p h o s p h a ta s e  and a l a n i n e  t r a n s a m i n a s e  and l i v e r  
th ia m in e  were d e te r m in e d  a s  d e s c r i b e d  in  S e c t i o n  3 . 2 . 4 .
H aem oglob in , h a e m a t o c r i t  and e r y t h r o c y t e  and t o t a l  l e u c o c y te  
c o u n t s  were d e te r m in e d  a s  d e s c r i b e d  in  S e c t i o n s  3 . 2 . 5 .
L ig h t  m ic r o s c o p ic  s t u d i e s  were pe rfo rm ed  a s  d e s c r i b e d  in  S e c t i o n
3 . 2 . 6 . 2 .
3 . 2 . 9  M u ta g e n i c i t y  s t u d i e s
DSH was t e s t e d  f o r  m u t a g e n i c i t y  by th e  s a lm o n e l la /m a m m a l ia n -  
microsom e m u t a g e n i c i t y  t e s t  a s  d e t a i l e d  by Ames ( 1 9 7 5 ) .
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The s t r a i n s  o f  S a lm o n e l l a  t y phim urium  used  in  th e  t e s t s  were 
TA 1535 and TA lü û  ( B a s e - p a i r  s u b s t i t u t i o n ) ,  TA 1537 and TA 98 
( F r a m e s h i f t  m u t a t i o n ) .
The p o s i t i v e  c o n t r o l s  u se d  were 2 - a n t h r a m in e , 2 - n i t r o f l u o r e n e ,  
N -m e th y l-N ’- n i t r o - N - n i t r o s o g u a h i d i n e  and 9 - a m i n o a c r i d i n e .
3 .3  R e s u l t s
3 . 3 . 1  A cu te  t o x i c i t y  -  r a t s
LD^Q v a l u e s  o f  g r e a t e r  th a n  5 g DSH/Kg body wt w ere  o b t a i n e d  f o r  
r a t s  o f  b o th  s e x e s .
The e f f e c t s  o f  a  s i n g l e  o r a l  do se  o f  5 g DSH/Kg body wt on th e  
body w e ig h t  g a i n s ,  food  i n t a k e ,  wet f a e c e s  and u r i n e  o u t p u t ,  u r i n a r y  
b lo o d ,  pH and s p e c i f i c  g r a v i t y ,  h a e m o g lo b in ,  h a e m a t o c r i t ,  e r y t h r o c y t e  
and t o t a l  l e u c o c y t e s  c o u n t s  and r e l a t i v e  w e ig h ts  o f  s e l e c t e d  o r g a n s  
o f  m ale and fem a le  r a t s  a r e  g iv e n  in  F ig u r e  3 -1  and T a b le  3 -1  t o  T a b le  
3 - 4 .
No a d v e r s e  e f f e c t s  in  t h e  g e n e r a l  h e a l t h  o f  th e  a n im a ls  o t h e r  
th a n  an i n i t i a l ,  t r a n s i e n t  d i a r r h o e a  were d e t e c t e d  d u r in g  a 1 4 -d a y  
o b s e r v a t i o n  p e r i o d  a f t e r  d o s a g e .
I n c r e a s e d  e r y t h r o c y t e  c o u n t  ( P ( O . O l )  (T a b le  3 - 3 )  and d e c r e a s e d  
r e l a t i v e  w e ig h t s  (T a b le  3 - 4 )  o f  l i v e r  ( P ^ O . O l ) ,  s tom ach  empty (P< !^0 .01), 
s m a l l  i n t e s t i n e  f u l l  ( P ^ O . 0 2 )  and s m a l l  i n t e s t i n e  em pty ( P ^  0 .0 0 2 )  
were o b s e rv e d  in  t h e  t e s t  fem a le  g ro u p  o f  r a t s  when compared t o  th e  
fem a le  c o n t r o l  g r o u p .
A l l  t h e  s t a t i s t i c a l  a n a l y s e s  were b a sed  on th e  S t u d e n t ' s  t  t e s t  
u s i n g  an O l i v e t t i  P 652 p r o c e s s o r  and  an O l i v e t t i  ST 0706 programme c a r d .
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T able  3-1  Food in ta k e  o f  male and fem ale r a t s  g iv e n  a s i n g l e
dose o f  5 g DSH/Kg body wt
Day
Food i n t a k e  
(g /1 0 0  g body w t/24  h )
C o n t r o l
m ales
T e s t
m ales
C o n t r o l
fe m a le s
T e s t
fe m a le s
0
1 14 12 13 11
2 14 14 14 11
5- 15 14 15 15
7 13 13 17 16
10 13 13 15 15
14 12 12 14 13
V a lu e s  a r e  th e means f o r  g ro u p s o f  f i v e  male o r fem a le  r a t s .
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F igu re  3 -1  Growth cu rves  o f  male and fem ale  r a t s  g iv e n  a
s i n g l e  dose  o f  5 g DSH/Kg body wt
220
200
180
160
r-\
bû
bO 140
120
100
80
60
4 12 16 2080
Time ( d a y s )
e
o
B
□
C o n t r o l  m ales  
T e s t  m a le s  
C o n t r o l  f e m a le s  
T e s t  f e m a le s
V a lu e s  a r e  t h e  means f o r  g ro u p s  o f  f i v e  a n im a l s .
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3 . 3 . 2  A c u te  t o x i c i t y  -  m ice
v a l u e s  o f  g r e a t e r  th a n  5 g DSH/Kg body wt were o b t a i n e d  f o r  
m ice o f  b o th  s e x e s .
The e f f e c t s  o f  a  s i n g l e  o r a l  d ose  o f  5 g DSH/Kg body wt on th e  
body w e ig h t  g a i n s ,  food  i n t a k e ,  h a e m o g lo b in ,  h a e m a t o c r i t ,  e r y t h r o c y t e  
and t o t a l  l e u c o c y t e  c o u n ts  and r e l a t i v e  w e ig h ts  o f  s e l e c t e d  o r g a n s  o f  
m ale and  fe m a le  m ice a r e  g iv e n  i n  F ig u r e  3 -2  and  T a b le  3 -5  t o  T a b le  
3 - 7 .
No a d v e r s e  e f f e c t s  o t h e r  th a n  an  i n i t i a l ,  t r a n s i e n t  d i a r r h o e a  
w ere  d e t e c t e d  i n  t h e  g e n e r a l  h e a l t h  o f  t h e  a n im a ls  d u r in g  a  14 days  
o b s e r v a t i o n  p e r i o d  a f t e r  d o s a g e .
The t e s t  m ale g roup  o f  m ice showed (T a b le  3 - 6 )  lo w e r  h a e m o g lo b in  
c o n c e n t r a t i o n  ( P < (0 .0 5 )  and r e l a t i v e  w e ig h t  o f  t h e  s m a l l  i n t e s t i n e  
f u l l  ( P < ( 0 .0 5 )  t h a n  th e  m ale c o n t r o l  g ro u p  (T a b le  3 - 7 ) .
D e c r e a s e d  r e l a t i v e  w e ig h t  ( T a b le  3 - 7 )  o f  t h e  s m a l l  i n t e s t i n e  
empty ( P < ( 0 .0 5 )  o f  t h e  t e s t  fe m a le  g roup  was a l s o  o b s e rv e d  i n  t h i s  
e x p e r im e n t .
A l l  t h e  s t a t i s t i c a l  a n a l y s e s  were b a se d  on th e  S t u d e n t ’ s t  t e s t  
u s in g  an O l i v e t t i  P 652 p r o c e s s o r  and  an O l i v e t t i  ST 0706 programme c a r d .
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F ig u r e  3 -2  Growth c u r v e s  o f  m ale and fem a le  m ice g iv e n  j. 
s i n g l e  d ose  o f  5 g DSH/Kg body wt
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V a lu e s  a r e  t h e  means f o r  g ro u p s  o f  f i v e  a n i m a l s .
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T ab le  3 -5  Food in ta k e  o f  male and fem ale mice g iv e n  a
s i n g l e  d ose  o f  5 g DSH/Kg body w t.
Day
Food i n t a k e  
(g/lOO g body w t/2 4  h )
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V a lu e s  a r e t h e  means f o r g ro u p s  o f f i v e  m ale o r  fem a le m ic e .
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3 . 3 . 3  S h o r t - t e r m  s tu d y  (21 d a y s )  -  r a t s
The r e s u l t s  o f  t h e  u r i n a l y s i s ,  h a e m a to lo g y ,  serum  b i o c h e m is t r y ,  
g r o s s  p a th o lo g y  and h i s t o l o g y  o f  m ale  r a t s  f e d  DSH a t  d i e t a r y  l e v e l s  
o f  0 . 5  and 2% f o r  21 days  a r e  g iv e n  from  F ig u r e  3 -3  t o  F i g u r e  3 -5  and 
fro m  T a b le  3 -8  to  T a b le  3 - 1 5 .
A l l  t h e  s t a t i s t i c a l  a n a l y s e s  were b ased  on t h e  S t u d e n t ’ s t  t e s t  
u s in g  an O l i v e t t i  P 652 p r o c e s s o r  and  an  O l i v e t t i  ST 0706 programme c a r d
A t week 3 ,  d e c r e a s e d  body w e ig h ts  ( F ig u r e  3 - 3 ) ,  when compared 
w i t h  t h e  c o n t r o l  g r o u p ,  w ere  o b s e rv e d  i n  th e  th ia m in e  c o n t r o l  g roup  
( P < [ 0 .0 5 )  and  t h e  0.5% DSH g roup  ( P ^ O . O l ) .  The 2% DSH g ro u p  showed 
i n c r e a s e d  body w e ig h t  ( P < ( 0 .0 5 )  when compared w i th  t h e  th ia m in e  c o n t r o l  
g r o u p .  I t  i s  c o n s i d e r e d  o f  i n t e r e s t  to  n o t i c e  t h a t  t h e  a n im a ls  from  
t h e  th ia m in e  c o n t r o l  g ro u p  had  lo w e r  body w e ig h ts  a t  t h e  b e g in n in g  o f  
th e  e x p e r im e n t  th a n  t h e  o t h e r  g r o u p s .
I n  T a b le  3 -8  i s  g iv e n  th e  fo o d  i n t a k e  o f  c o n t r o l  and  t e s t  g ro u p s  
i n  t h e  2 1 -d a y  s t u d y .  No m a jo r  d i f f e r e n c e s  i n  fo o d  i n t a k e  be tw een  
t h e  c o n t r o l  and  t e s t  g ro u p s  w ere a p p a r e n t  i n  t h i s  s t u d y .
The u r i n e  and  w et f a e c e s  o u t p u t  and th e  u r i n a r y  pH, s p e c i f i c  
g r a v i t y ,  b lo o d  and g l u c o s e  o f  t h e  c o n t r o l  and  t e s t  g ro u p s  a r e  g iv e n  
i n  T a b le  3 - 9 .
The 2% DSH g ro u p  showed i n c r e a s e d  u r i n e  volum e o u t p u t  when com­
p a re d  w i t h  t h e  c o n t r o l  g ro u p  ( P < ( 0 .0 2 )  o r  t h e  th ia m in e  c o n t r o l  g ro u p  
( P < 0 . 0 1 ) .
A d e c r e a s e  i n  w et f a e c e s  o u t p u t  was found  i n  t h e  0.5% DSH g roup  
when com pared  w i th  t h e  t h ia m in e  c o n t r o l  g ro u p  ( P < 0 . D 5 ) .
The u r i n a r y  pH o f  t h e  th ia m in e  c o n t r o l  g ro u p  and  t h e  0 . 5  and  2% 
DSH g ro u p s  w ere  h i g h e r  ( P < 0 .0 0 1 )  th a n  t h e  u r i n a r y  pH o f  t h e  c o n t r o l  
g r o u p .
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I n c r e a s e d  u r i n a r y  s p e c i f i c  g r a v i t y  was o b s e rv e d  in  th e  0.5% DSH 
g ro u p  ( P < ( 0 .0 1 )  and th e  2% DSH g ro u p  ( P < (0 .0 2 )  when com pared w i th  th e  
t h ia m in e  c o n t r o l  g ro u p .
No u r i n a r y  b lo o d  o r  g l u c o s e  was d e t e c t e d  in  any o f  t h e  c o n t r o l  
o r  t e s t  g r o u p s .
I n  T a b le  3 -1 0  a r e  g iv e n  t h e  u r i n a r y  a s p a r t a t e  t r a n s a m i n a s e  a c ­
t i v i t i e s  and  t h e  u r i n a r y  e x c r e t i o n s  o f  t o t a l  p r o t e i n ,  c r e a t i n i n e ,  u r e a  
and th ia m in e  o f  t h e  c o n t r o l  and  t e s t  g r o u p s .  A l l  t h e  u r i n a r y  e x c r e t i o n  
■ v a l u e s  g iv e n  a r e  f o r  24 h c o l l e c t i o n  p e r i o d s .
The 0.5% DSH g ro u p  showed lo w e r  u r i n a r y  a s p a r t a t e  t r a n s a m i n a s e  
a c t i v i t y  ( P <  0 .0 0 1 )  and  u r e a  e x c r e t i o n  (P <  0 .0 0 1 )  and  h i g h e r  th ia m in e  
e x c r e t i o n  ( P < 0 . 0 1 )  th a n  t h e  c o n t r o l  g ro u p .
The 2% DSH g ro u p  was found  to  have  lo w e r  u r i n a r y  a s p a r t a t e  t r a n s ­
am in a se  a c t i v i t y  ( P <  0 .0 0 1 )  and  g r e a t e r  e x c r e t i o n s  o f  t o t a l  p r o t e i n  
( P <  0 . 0 1 ) ,  c r e a t i n i n e  ( P <  0 .0 0 2 )  and  th ia m in e  (P <  0 .0 0 1 )  t h a n  t h e  c o n ­
t r o l  g r o u p .
S t a t i s t i c a l  a n a l y s i s  o f  t h e s e  r e s u l t s  u s in g  th e  th ia m in e  c o n t r o l  
g ro u p  a s  t h e  r e f e r e n c e  g ro u p  r e v e a l e d  a r e d u c t i o n  i n  a s p a r t a t e  t r a n s ­
a m in a se  a c t i v i t y  ( P <  0 .0 0 1 )  and  i n  t h e  e x c r e t i o n s  o f  u r e a  ( P < 0 . 0 2 )  
and  th ia m in e  ( P ^ 0 . 0 2 )  i n  t h e  0.5% DSH g ro u p .
D e c r e a s e d  u r i n a r y  a s p a r t a t e  t r a n s a m i n a s e  a c t i v i t y  ( P < 0 .0 0 1 )  and  
t h ia m in e  e x c r e t i o n  ( P < 0 . 0 5 )  and  i n c r e a s e d  e x c r e t i o n s  o f  t o t a l  p r o t e i n  
( P < 0 . 0 5 )  and  c r e a t i n i n e  ( P <  0 .0 0 1 )  w ere  a l s o  o b s e rv e d  i n  th e  2% DSH 
g r o u p .
The th ia m in e  c o n t r o l  g ro u p  a l s o  showed h i g h e r  e x c r e t i o n s  o f  u r i ­
n a r y  t o t a l  p r o t e i n  ( P < 0 . 0 5 )  and th ia m in e  ( P < 0 . 0 2 )  t h a n  t h e  c o n t r o l  
g r o u p .
The u r i n a r y  c o n c e n t r a t i o n s  and  e x c r e t i o n s  o f  sod ium , p o t a s s i u m .
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c h l o r i d e ,  c a lc iu m  and i n o r g a n i c  p h o sp h o ru s  o f  t h e  c o n t r o l  and t e s t  g ro u p s  
a r e  g iv e n  i n  T a b le  3 -1 1 .
When t h e  r e s u l t s  were com pared w i th  t h e  c o n t r o l  g r o u p ,  t h e  0.5%
DSH g ro u p  showed i n c r e a s e d  sod ium  c o n c e n t r a t i o n  (P<( 0 .0 0 1 )  and  e x c r e t i o n  
( P < ( 0 .0 2 )  and  d e c r e a s e d  i n o r g a n i c  p h o sp h o ru s  c o n c e n t r a t i o n  ( P ^  0 .0 0 1 )  
and e x c r e t i o n  ( P ^  0 .0 0 1 ) .
The 2% DSH g roup  was fo u n d  to  have  h i g h e r  e x c r e t i o n s  o f  sodium  
( P ^  0 . 0 0 1 ) ,  p o t a s s iu m  ( P < 0 . 0 1 ) ,  c h l o r i d e  ( P < (0 .0 1 )  and  c a lc iu m  ( P < ( 0 .0 5 ) ,  
h i g h e r  sod ium  c o n c e n t r a t i o n  ( P < ( 0 .0 1 )  and lo w e r  i n o r g a n i c  p h o sp h o ru s  
c o n c e n t r a t i o n  ( P ^  0 .0 0 1 )  and  e x c r e t i o n  (P<( 0 .0 0 1 )  t h a n  t h e  c o n t r o l  g ro u p .
The th ia m in e  c o n t r o l  g ro u p  was a l s o  fou n d  to  have  lo w e r  i n o r g a n i c  
p h o s p h o ru s  c o n c e n t r a t i o n  ( P < ( 0 .0 5 )  and e x c r e t i o n  ( P < ( 0 .0 5 )  t h a n  th e  
c o n t r o l  g r o u p .  •
When t h e s e  r e s u l t s  w ere  s t a t i s t i c a l l y  com pared w i th  t h e  th ia m in e  
c o n t r o l  g ro u p ,  t h e  0.5% DSH g ro u p  showed i n c r e a s e d  sod ium  c o n c e n t r a t i o n  
( P < ( 0 .0 1 )  and  e x c r e t i o n  (P<[ 0 .0 5 )  and d e c r e a s e d  p o t a s s i u m  c o n c e n t r a t i o n  
( P < ( 0 .0 1 )  and  i n o r g a n i c  p h o s p h o ru s  c o n c e n t r a t i o n  ( P ^  0 .0 0 1 )  and  e x c r e t i o n  
(P < 0 . 0 0 1 ) .
S t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  2% DSH g ro u p  w i t h  r e f ­
e r e n c e  to  t h e  t h ia m in e  c o n t r o l  g roup  r e v e a l e d  i n c r e a s e d  e x c r e t i o n s  o f  
sod ium  (P < 0 . 0 0 2 ) ,  p o t a s s iu m  ( P < 0 . 0 2 ) ,  c h l o r i d e  ( P < 0 . 0 2 )  and  c a l c iu m  
( P < 0 . 0 2 ) ,  i n c r e a s e d  sodium  c o n c e n t r a t i o n  ( P < 0 . 0 2 )  and  d e c r e a s e d  i n ­
o r g a n i c  p h o s p h o ru s  c o n c e n t r a t i o n  ( P <  0 .0 0 1 )  and  e x c r e t i o n  (P <  0 . 0 0 1 ) .
I n  T a b le  3 -1 2  a r e  g iv e n  t h e  serum  a l k a l i n e  p h o s p h a ta s e  and  a l a n i n e  
t r a n s a m i n a s e  a c t i v i t i e s  and t h e  se rum  t o t a l  p r o t e i n  and  t o t a l  f o l a t e  c o n ­
c e n t r a t i o n s  o f  t h e  c o n t r o l  and  t e s t  g r o u p s .
The 0.5% DSH g roup  showed d e c r e a s e d  t o t a l  f o l a t e  c o n c e n t r a t i o n  
when compared, w i th  t h e  c o n t r o l  ( P <  0 .0 0 2 )  and th ia m in e  c o n t r o l  ( P < 0 . 0 5 )  
g r o u p s .  •
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The 2% DSH group  was found  to  have  i n c r e a s e d  t o t a l  p r o t e i n  c o n ­
c e n t r a t i o n  when compared w i t h  e i t h e r  t h e  c o n t r o l  ( P <  0 .0 0 1 )  o r  th e  
t h ia m in e  c o n t r o l  g roup  ( P < 0 . 0 5 ) .  The 2% DSH g ro u p  a l s o  had  low er  
t o t a l  f o l a t e  c o n c e n t r a t i o n  th a n  t h e  c o n t r o l  g roup  (P <  0 .0 0 1 ) .
A d e c r e a s e  i n  t o t a l  f o l a t e  c o n c e n t r a t i o n  ( P < 0 . 0 2 )  i n  t h e  t h i a ­
mine c o n t r o l  g ro u p  when com pared w i th  t h e  c o n t r o l  g ro u p  was a l s o  
o b s e r v e d .
The se rum  sodium , p o t a s s iu m ,  c a lc iu m  and i n o r g a n i c  p h o sp h o ru s  
c o n c e n t r a t i o n s  a r e  g iv e n  i n  T a b le  3 - 1 3 ,
D e c r e a s e d  c o n c e n t r a t i o n s  o f  p o t a s s iu m  ( P < 0 . 0 5 ) ,  c a lc iu m  ( P < 0 . 0 1 )  
and  i n o r g a n i c  p h o sp h o ru s  ( P < 0 . 0 5 )  were o b t a i n e d  i n  th e  0.5.% DSH g roup  
when com pared w i th  t h e  c o n t r o l  g ro u p .
The 2% DSH g roup  a l s o  showed lo w e r  c o n c e n t r a t i o n s  o f  p o t a s s iu m  
( P < ( 0 .0 5 ) ,  c a l c iu m  ( P < 0 . 0 5 )  and i n o r g a n i c  p h o sp h o ru s  ( P < 0 . 0 1 )  th a n  
t h e  c o n t r o l  g r o u p .  D e c r e a s e d  i n o r g a n i c  p h o sp h o ru s  c o n c e n t r a t i o n  ( P < 0 . 0 1 ) ,  
when com pared w i th  th e  th ia m in e  c o n t r o l  g ro u p ,  was a l s o  found  i n  t h e  
2% DSH g ro u p .
The th ia m in e  c o n t r o l  g roup  a l s o  showed lo w e r  c a lc iu m  c o n c e n t r a ­
t i o n  ( P < 0 . 0 5 )  t h a n  th e  c o n t r o l  g ro u p .
In  T a b le  3 -14  a r e  g iv e n  th e  h a e m o g lo b in  c o n t e n t ,  h a e m a t o c r i t
v a l u e  and e r y t h r o c y t e  and t o t a l  l e u c o c y t e  / c o u n ts  o f  t h e  c o n t r o l  and  
t e s t  g r o u p s .
The 0.5% DSH g ro u p  was found t o  have  h i g h e r  t o t a l  l e u c o c y t e s  c o u n t
( P < 0 .Q 5 )  t h a n  th e  th ia m in e  c o n t r o l  g ro u p .
A d e c r e a s e  i n  h aem o g lo b in  c o n t e n t  ( P < D .0 5 )  and  e r y t h r o c y t e  c o u n t  
( P < 0 . 0 2 )  was e v i d e n t  i n  t h e  2% DSH g ro u p  when com pared w i t h  t h e  c o n t r o l  
g r o u p . .
The r e l a t i v e  w e ig h ts  o f  s e l e c t e d  o r g a n s  o f  t h e  c o n t r o l  and  t e s t  
g ro u p s  a r e  g iv e n  i n  T a b le  3 -1 5 .
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The r e l a t i v e  w e ig h ts  o f  th e  g a s t r o i n t e s t i n a l  t r a c t  o r g a n s  a r e  
e x p r e s s e d  i n c l u d i n g  th e  g a s t r o i n t e s t i n a l  c o n t e n t s  (o rg a n  f u l l )  and 
e x c lu d i n g  i t  ( o rg a n  e m p ty ) .
The 0.5% DSH g ro u p  showed d e c r e a s e d  r e l a t i v e  w e ig h ts  o f  l i v e r  
( P < 0 . 0 5 ) ,  p a n c r e a s  ( P < 0 . 0 5 ) ,  s tom ach  f u l l  ( P < 0 . 0 2 ) ,  s m a l l  i n t e s t i n e  
f u l l  ( P < 0 . 0 0 1 )  and empty (P <  0 . 0 0 1 ) ,  caecum  empty ( P < 0 . 0 1 )  and  c o lo n  
and r e c tu m  f u l l  (P <  0 .0 5 )  and  i n c r e a s e d  r e l a t i v e  w e ig h ts  o f  b l a d d e r  
( P <  0 .0 0 1 )  and  b r a i n  ( P < 0 . 0 5 )  when com pared w i th  t h e  c o n t r o l  g ro u p .
The r e s u l t s  f ro m  th e  2% DSH g ro u p  r e v e a l e d  h i g h e r  r e l a t i v e  w e ig h t  
o f  v e s i c u l a  s e m i n a l i s  ( P < 0 . 0 5 )  and  lo w e r  r e l a t i v e  w e ig h ts  o f  s tom ach  
empty ( P < 0 . 0 1 ) ,  s m a l l  i n t e s t i n e  empty ( P < 0 . 0 1 ) ,  caecum  empty (P <  0 . 0 5 ) ,  
c o lo n  and  r e c tu m  empty ( P < 0 . 0 1 )  and  h e a r t  ( P < 0 . 0 2 )  th a n  th e  c o n t r o l  
g ro u p .
I n c r e a s e d  r e l a t i v e  w e ig h ts  o f  s p l e e n  ( P < 0 . 0 5 )  and  b r a i n  (PXhO.Ol) and 
d e c r e a s e d  r e l a t i v e  w e ig h t  o f  caecum empty ( P < 0 . 0 1 )  w ere o b t a i n e d  when 
th e  t h ia m in e  c o n t r o l  g ro u p  was com pared w i th  th e  c o n t r o l  g ro u p .
When t h e  th ia m in e  c o n t r o l  g ro u p  was u se d  a s  t h e  r e f e r e n c e  g ro u p ,  
t h e  0.5% DSH g roup  showed d e c r e a s e d  r e l a t i v e  w e ig h ts  o f  l i v e r  ( P < 0 . 0 5 ) ,  
p a n c r e a s  ( P < 0 . 0 5 ) ,  s tom ach  empty ( P < 0 . 0 5 ) ,  s m a l l  i n t e s t i n e  f u l l  
( P <  0 .0 0 1 )  and  empty ( P <  0 . 0 0 1 ) ,  h e a r t  ( P < 0 . 0 5 )  and lu n g s  ( P <  0 .0 0 1 )  
and  i n c r e a s e d  r e l a t i v e  w e ig h t  o f  b l a d d e r  ( P < 0 .0 0 1 ) .
The 2% DSH g ro u p  was found  to  h av e  h i g h e r  r e l a t i v e  w e i g h t s  o f  
caecum  empty ( P < 0 . 0 1 )  and v e s i c u l a  s e m i n a l i s  ( P < 0 . 0 5 )  and lo w e r  r e l a ­
t i v e  w e ig h t s  o f  s tom ach  empty ( P < 0 . 0 1 ) ,  s m a l l  i n t e s t i n e  f u l l  ( P < 0 . 0 2 )  
and em pty ( P <  0 . 0 0 1 ) ,  c o lo n  and  r e c tu m  empty ( P < 0 . 0 2 ) ,  k id n e y  ( P < 0 . 0 5 ) ,  
lu n g s  ( P < 0 , 0 5 )  and b r a i n  ( P <  0 .0 2 )  t h a n  t h e  t h ia m in e  c o n t r o l  g r o u p .
A n o d u le  was o b s e rv e d  i n  t h e  l i v e r  o f  one o f  t h e  a n im a ls  o f  t h e  
2% DSH g r o u p .  l l i c r o p h o t o g r a p h s  o f  s t a i n e d  l i v e r  s e c t i o n s  ( H a e m a to x y l in -  
e o s i n )  o f  t h i s  a n im a l  and o f  a n o t h e r  r a t  w i th  c o n f i rm e d  h i a t u s  h e r n i a
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( C o u r te s y  o f  H i s t o l o g y  L a b o r a t o r y ,  B io c h e m is t r y  D e p a r tm e n t ,  U n i v e r s i t y  
o f  S u r r e y )  a r e  shown i n  F ig u r e  3 -4  and F ig u r e  3 - 5 .
The m ic r o s c o p ic  e x a m in a t io n  o f  s e c t i o n s  ( H a e m a to x y l in - e o s in )  o f  
t h e  l i v e r ,  k id n e y ,  s p l e e n ,  p a n c r e a s ,  b l a d d e r ,  s to m a c h ,  duodenum, caecum 
and c o lo n  o f  t h e  th ia m in e  c o n t r o l  and th e  2% DSH g ro u p  d id  n o t  show any  
a p p a r e n t  h i s t o p a t h o l o g i c a l  c h a n g e s  t h a t  c o u ld  be a t t r i b u t e d  to  t h e  a d ­
m i n i s t r a t i o n  o f  DSH.
The l i v e r  s e c t i o n s  o f  t h e  2% DSH g roup  s t a i n e d  u s in g  th e  p e r i o d i c  
a c i d - s c h i f f  (PAS) t e c h n i q u e  d i d  n o t  show any  v i s u a l l y  d e t e c t a b l e  a c c u ­
m u la t i o n  o f  g ly c o g e n  when compared w i t h  s t a i n e d  l i v e r  s e c t i o n s  (PAS) 
o f  t h e  t h ia m in e  c o n t r o l  g ro u p .
T a b le  3 -8  Food i n t a k e  o f  male r a t s  f e d  DSH a t  d i e t a r y  l e v e l s  
o f  0 ,  0 . 5  and  2% f o r  21 days
D i e t a r y  l e v e l  
o f  DSH
(%)
Food i n t a k e  
(g /lOO g body w t /2 4  h )
0 1
Week
2 3
0^ - 10 10 10
0 ^ - 10 10 10
0 .5 - ' 10 10 12
......... 2 ................. - 11 11 10
V a lu e s  a r e  t h e  means f o r  g ro u p s  o f  t e n  m ale  r a t s  
a -  C o n t r o l  g ro u p  
b -  T h iam ine  c o n t r o l  g ro u p
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F i g u r e  3 -3  Body w e ig h t  g a i n s  o f  male r a t s  do sed  w i th  DSH a t  
d i e t a r y  l e v e l s  o f  0 , 0 .5  and 2% f o r  21 days
200
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160
120
80
40
12
Time ( d a y s )
16 20 24
o
m
□
C o n t r o l
T h iam ine  C o n t r o l  
0.5% DSH ■
2% DSH
V a lu e s  a r e  th e  means f o r  g ro u p s  o f  10 r a t s .
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F ig u r e  3 -4  M ic ro p h o to g ra p h  o f  a l i v e r  s e c t i o n  ( H a e m a to x y l in - e o s in ,  x 100) 
o f  a r a t  dosed  w i th  DSH a t  a d i e t a r y  l e v e l  o f  2% f o r  21 days
F i g u r e  3 -5  M ic ro p h o to g ra p h  o f  a  l i v e r  s e c t i o n  ( H a e m a to x y l i n - e o s in ,  x  100) 
o f  a  r a t  w i th  c o n f i rm e d  h i a t u s  h e r n i a  ( C o u r te s y  o f  t h e  
H i s to l o g y  L a b o r a t o r y ,  B io c h e m is t r y  D e p a r tm e n t ,  U n i v e r s i t y  
o f  S u r r e y )
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3 . 3 . 4  S h o r t - t e r m  s tu d y  (90  d a y s )  -  mice
The r e s u l t s  o f  t h e  u r i n a l y s i s ,  h a e m a to lo g y ,  serum  b i o c h e m is t r y ,  
g r o s s  p a th o lo g y  and  h i s t o l o g y  o f  m ale  m ice do sed  w i th  DSH a t  d i e t a r y  
l e v e l s  o f  0 ,  0 . 5 ,  1 and 2% f o r  90 days  a r e  g iv e n  i n  F ig u r e  3 -6  and
F ig u r e  3 -7  and from  T a b le  3 -1 6  to  T a b le  3 - 2 7 .
A l l  th e  s t a t i s t i c a l  a n a l y s e s  were based  on t h e  S t u d e n t ’ s t  t e s t  
u s in g  an O l i v e t t i  P 652 p r o c e s s o r  and an O l i v e t t i  ST 0706 programme c a r d .
The body w e ig h ts  o f  t h e  c o n t r o l  and t e s t  g ro u p s  a r e  shown
i n  F i g u r e  3 - 6 .
A t week 12 , t h e  th ia m in e  c o n t r o l  g ro u p  was found  to  have  a higher 
body w e ig h t  (P < ^ 0 .0 2 )  th a n  th e  c o n t r o l  g ro u p .  However, no s i g n i f i c a n t  
d i f f e r e n c e s  i n  body w e ig h t  were fo u n d  among t h e  t e s t  g ro u p s  when com­
p a re d  w i th  e i t h e r  c o n t r o l  g r o u p .
In  T a b le  3 -1 6  a r e  g iv e n  th e  fo o d  i n ta k e s  o f  t h e  c o n t r o l  and  t e s t  
g r o u p s .  No m a jo r  d i f f e r e n c e s  i n  fo o d  i n t a k e  be tw een  t h e  c o n t r o l  and 
t e s t  g ro u p s  w ere  a p p a r e n t  i n  t h i s  s t u d y .
The u r i n e  and  w et f a e c e s  o u t p u t ,  and th e  u r i n a r y  pH, s p e c i f i c  
■ g r a v i ty ,  b lo o a  and g lu c o s e  o f  th e  c o n t r o l  and t e s t  g ro u p s  a r e  g iv e n  
i n  T a b le  3 - 1 7 .
The th ia m in e  c o n t r o l  g ro u p  ( P <  0 . 0 0 1 ) ,  0.5% DSH g ro u p  ( P < 0 . 0 5 ) ,
I/o DSH g ro u p  (P c ^ O .O l)  and 2% DSH g ro u p  ( P ^  0 .0 0 1 )  showed g r e a t e r  w et 
f a e c e s  o u t p u t  t h a n  th e  c o n t r o l  g ro u p .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  
w e t f a e c e s  o u t p u t  were found  when th e  t e s t  g ro u p s  w ere  com pared w i th  
t h e  th ia m in e  c o n t r o l  g ro u p .
S t a t i s t i c a l  a n a l y s i s  o f  t h e  u r i n e  o u t p u t  r e s u l t s  r e v e a l e d  t h a t  
t h e  th ia m in e  c o n t r o l  g ro u p  (P <  0 . 0 0 1 ) ,  0.5% DSH g ro u p  (P <  0 . 0 2 ) ,  1% DSH 
g ro u p  (P.<( 0 . 0 1 )  and 2% DSH g roup  (P<( 0 .0 0 1 )  had g r e a t e r  u r i n a r y  o u t p u t  
t h a n  th e  c o n t r o l  g ro u p .
86
No s i g n i f i c a n t  d i f f e r e n c e s  i n  u r i n e  o u t p u t  were o b t a i n e d  when th e  
t e s t  g ro u p s  w ere  com pared w i t h  th e  th ia m in e  c o n t r o l  g r o u p .
The th ia m in e  c o n t r o l  g roup  ( P <  0 . 0 0 2 ) ,  0.5% DSH g ro u p  ( P <  0 .0 0 1 ) ,  
1% DSH g ro u p  ( P <  0 .0 0 1 )  and  2% DSH g ro u p  ( P <  0 .0 0 1 )  showed h i g h e r  u r i ­
n a r y  pH th a n  t h e  c o n t r o l  g ro u p .
The 1% DSH g ro u p  ( P <  0 .0 0 2 )  and  2% DSH g ro u p  ( P c  0 .0 1 )  a l s o  showed
i n c r e a s e d  u r i n a r y  pH when com pared w i th  t h e  th ia m in e  c o n t r o l  g r o u p .
No s i g n i f i c a n t  d i f f e r e n c e s  be tw een  th e  t e s t  g ro u p s  and  e i t h e r  o f
t h e  c o n t r o l  g ro u p s  i n  u r i n a r y  s p e c i f i c  g r a v i t y  were fo u n d  i n  t h i s  s t u d y .
No u r i n a r y  b lo o d  o r  g lu c o s e  w ere  found  i n  any  o f  t h e  g ro u p s  i n  
t h i s  s t u d y .
I n  T a b le  3 -1 8  a r e  g iv e n  th e  u r i n a r y  a s p a r t a t e  t r a n s a m i n a s e  a c ­
t i v i t i e s  and  t h e  u r i n a r y  e x c r e t i o n s  o f  t o t a l  p r o t e i n ,  c r e a t i n i n e  and 
u r e a  o f  t h e  c o n t r o l  and t e s t  g r o u p s .
A l l  t h e  u r i n a r y  e x c r e t i o n  v a l u e s  g iv e n  a r e  f o r  24 h c o l l e c t i o n  
p e r i o d s .
The 0.5% DSH g ro u p  was fou n d  t o  have  h i g h e r  e x c r e t i o n s  o f  t o t a l  
p r o t e i n  ( P c  0 . 0 5 )  and  c r e a t i n i n e  ( P c O r O l )  and  lo w er  a s p a r t a t e  t r a n s ­
a m in a se  a c t i v i t y  ( P c O . O l )  th a n  th e  c o n t r o l  g ro u p .
The 1% DSH g ro u p  showed i n c r e a s e d  e x c r e t i o n s  o f  t o t a l  p r o t e i n  
( P c  0 .0 0 1 )  and  c r e a t i n i n e  ( P c  0 .0 0 1 )  when com pared w i th  t h e  c o n t r o l  
g r o u p .
I n c r e a s e d  e x c r e t i o n s  o f  t o t a l  p r o t e i n  ( P c  0 .0 0 1 )  and  c r e a t i n i n e  
( P c  0 .0 0 1 )  and d e c r e a s e d  a s p a r t a t e  t r a n s a m i n a s e  a c t i v i t y  ( P c Q ,0 0 2 )  w ere  
a l s o  o b s e rv e d  i n  t h e  2% DSH g ro u p  when com pared w i th  t h e  c o n t r o l  g ro u p .
The th i a m i n e  c o n t r o l  g ro u p  a l s o  showed h i g h e r  e x c r e t i o n s  o f  t o t a l  
p r o t e i n  ( p c  0 . 0 2 )  and  c r e a t i n i n e  ( P c O . O l )  t h a n  t h e  c o n t r o l  g r o u p .
When t h e  th ia m in e  c o n t r o l  g ro u p  was u se d  a s  t h e  r e f e r e n c e  g ro u p .
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d e c r e a s e d  a s p a r t a t e  t r a n s a m in a s e  a c t i v i t y  ( P c O . 0 5 )  was found  i n  th e  
2% DSH g r o u p .
I n  T a b le  3 -1 9  a r e  g iv e n  th e  u r i n a r y  e x c r e t i o n s  o f  th ia m in e  and  
t o t a l  f o l a t e  and  t h e  l i v e r  th ia m in e  c o n c e n t r a t i o n s  o f  t h e  c o n t r o l  and  
t e s t  g r o u p s .
The 0.5% DSH g ro u p  showed i n c r e a s e d  u r i n a r y  th ia m in e  e x c r e t i o n  
( P <  0 .0 0 1 )  and  l i v e r  th ia m in e  c o n c e n t r a t i o n  (P <  0 .0 0 1 )  when compared
w i th  t h e  c o n t r o l  g ro u p .
H ig h e r  u r i n a r y  e x c r e t i o n s  o f  th ia m in e  ( P < 0 . 0 0 1 )  and  t o t a l  f o ­
l a t e  (P <  0 . 0 1 )  t h a n  th e  c o n t r o l  g ro u p  were o b s e rv e d  i n  t h e  1% DSH 
g ro u p .
The 2% DSH g ro u p  was fou n d  t o  h av e  h i g h e r  u r i n a r y  e x c r e t i o n s  o f  
t h ia m in e  (P <  0 .0 0 1 )  and  t o t a l  f o l a t e  ( P <  0 .0 0 1 )  and l i v e r  t h ia m in e  
c o n c e n t r a t i o n  (P <  0 . 0 5 )  t h a n  th e  c o n t r o l  g ro u p .
The th ia m in e  c o n t r o l  g roup  showed i n c r e a s e d  u r i n a r y  e x c r e t i o n s  
o f  t h ia m in e  ( P <  0 .0 0 1 )  and t o t a l  f o l a t e  ( P < 0 . 0 2 )  and  l i v e r  t h ia m in e  
c o n c e n t r a t i o n  ( P < 0 . 0 1 )  when com pared w i th  t h e  c o n t r o l  g ro u p .
The 0.5% DSH g ro u p  (P <  0 .0 0 1 ) ,  1% DSH g roup  ( P <  0 .0 0 1 )  and  2%
DSH g roup  ( P c  0 .0 0 1 )  showed lo w e r  u r i n a r y  th ia m in e  e x c r e t i o n s  th a n  th e
t h ia m in e  c o n t r o l  g ro u p .
The u r i n a r y  c o n c e n t r a t i o n s  and  e x c r e t i o n s  o f  sod ium , p o t a s s iu m ,  
c h l o r i d e ,  c a lc iu m  and i n o r g a n i c  p h o s p h o ru s  o f  t h e  c o n t r o l  and  t e s t
g ro u p s  a r e  g iv e n  i n  T a b le  3 -2 0 .
The 0.5% DSH group  showed h i g h e r  e x c r e t i o n s  o f  sodium  ( P c 0 . 0 0 2 ) ,  
p o t a s s iu m  ( P c O . O l )  and c h l o r i d e  (P <  O.OOl) and  lo w e r  c o n c e n t r a t i o n s  
o f  c a lc iu m  ( P c  0 .0 0 1 )  and  i n o r g a n i c  p h o s p h o ru s  ( P c 0 . 0 2 )  t h a n  t h e  
c o n t r o l  g r o u p .
S t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  f rom  t h e  1% DSH g ro u p  r e v e a l e d
i n c r e a s e d  e x c r e t i o n s  o f  sod ium  (P <  0 .0 0 1 ) ,  p o t a s s iu m  ( P <  0 .0 0 1 )  and 
c h l o r i d e  ( P c  0 .0 0 1 )  and sod ium  c o n c e n t r a t i o n  ( P c O . O l )  and  d e c r e a s e d  
c o n c e n t r a t i o n s  o f  c a lc iu m  ( P c  o .O O l)  and i n o r g a n i c  p h o s p h o ru s  (P c O .O O l)  
when com pared w i th  t h e  c o n t r o l  g r o u p .
The 2% DSH g ro u p  showed h i g h e r  e x c r e t i o n s  o f  sod ium  ( P c O .O O l ) ,  
p o t a s s iu m  ( P c O .O O l ) ,  c h l o r i d e  ( P c O .O O l)  and c a lc iu m  ( P c O . 0 5 )  and 
sod ium  c o n c e n t r a t i o n  ( P c O . O l )  and  lo w e r  c o n c e n t r a t i o n s  o f  p o t a s s iu m  
( P c O . 0 2 ) ,  c a lc iu m  ( P c O . O l )  and  i n o r g a n i c  p h o sp h o ru s  ( P c O .O O l)  th a n  
th e  c o n t r o l  g ro u p .
The th ia m in e  c o n t r o l  g ro u p  was fo u n d  to  have  h i g h e r  e x c r e t i o n s  
o f  sod ium  ( P c O .O O l ) ,  p o t a s s iu m  ( P c O .O O l)  and c h l o r i d e  ( P c O .O O l)  and 
lo w e r  c o n c e n t r a t i o n s  o f  p o t a s s iu m  ( P c O . O l )  and i n o r g a n i c  p h o sp h o ru s  
(P c O .O O l)  t h a n  th e  c o n t r o l  g ro u p .
D e c re a s e d  p o ta s s iu m  c o n c e n t r a t i o n  ( P c o . 0 5 ) ,  was o b s e rv e d  i n  t h e  
0.5% DSH g ro u p  when com pared w i th  t h e  th ia m in e  c o n t r o l  g ro u p .
The 1% DSH g roup  showed h i g h e r  e x c r e t i o n s  o f  sod ium  ( P c O . O l )  
and c h l o r i d e  ( P c 0 . 0 5 ) ,  and h i g h e r  c o n c e n t r a t i o n s  o f  sodium  ( P c O .O O l)  
and c h l o r i d e  ( P c 0 . 0 2 )  t h a n  th e  t h ia m in e  c o n t r o l  g ro u p .
The 2% DSH g roup  was fo u n d  to  have  h i g h e r  sod ium  e x c r e t i o n  
( p c  0 .0 0 2 )  and sod ium  c o n c e n t r a t i o n  ( P c O .O O l)  t h a n  th e  t h ia m in e  c o n t r o l  
g ro u p .
I n  T a b le  3 -21  a r e  g iv e n  t h e  serum  a l k a l i n e  p h o s p h a ta s e  and  
a l a n i n e  t r a n s a m i n a s e  a c t i v i t i e s  o f  t h e  c o n t r o l  and t e s t  g r o u p s .
The 0.5% DSH g ro u p  ( P c O . O l ) ,  1% DSH g ro u p  ( P c  o .O O l )  and  2%
DSH g ro u p  ( P c O . O l )  showed h i g h e r  a l k a l i n e  p h o s p h a ta s e  a c t i v i t y  th a n  
t h e  t h ia m in e  c o n t r o l  g r o u p ,  w hich  was fou n d  to  have  lo w e r  a l k a l i n e  
p h o s p h a ta s e  a c t i v i t y  ( P c O .O O l)  t h a n  t h e  c o n t r o l  g r o u p .
No s i g n i f i c a n t  d i f f e r e n c e s  i n  a l k a l i n e  p h o s p h a ta s e  a c t i v i t y  were
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o b s e rv e d  when th e  t e s t  g ro u p s  were compared w i th  th e  c o n t r o l  g ro u p .
No s i g n i f i c a n t  d i f f e r e n c e s  i n  a l a n i n e  t r a n s a m i n a s e  a c t i v i t y  were 
found  be tw een  th e  t e s t  g ro u p s  and  e i t h e r  o f  t h e  c o n t r o l  g r o u p s .
The h a e m o g lo b in  c o n t e n t ,  h a e m a t o c r i t  v a l u e  and e r y t h r o c y t e  and 
t o t a l  l e u c o c y t e s  c o u n ts  o f  t h e  c o n t r o l  and  t e s t  g ro u p s  a r e  g iv e n  in  
T a b le  3 - 2 2 .
The 0.5% DSH showed d e c r e a s e d  h aem og lob in  c o n t e n t  ( P < 0 .0 0 1 ) ,  
h a e m a t o c r i t  v a l u e  0 .0 0 1 )  and e r y t h r o c y t e  c o u n t  ( P < 0 . 0 1 )  when com­
p a re d  w i th  th e  c o n t r o l  g ro u p .
The 1% DSH was fou n d  to  h av e  lo w e r  h aem o g lo b in  c o n t e n t  ( P < 0 . 0 1 )  
and  h a e m a t o c r i t  v a lu e  ( P < 0 . 0 1 )  th a n  th e  c o n t r o l  g ro u p .
D e c re a s e d  h aem o g lo b in  c o n t e n t  ( P < 0 . 0 5 )  was a l s o  o b s e rv e d  i n  th e  
2% DSH group  when com pared w i th  t h e  c o n t r o l  g ro u p .
The th ia m in e  c o n t r o l  g ro u p  a l s o  showed lo w e r  h a e m o g lo b in  c o n t e n t  
( P < 0 .0 0 1 )  and h a e m a t o c r i t  v a lu e  ( P <  0 .0 0 1 )  th a n  th e  c o n t r o l  g r o u p .
S t a t i s t i c a l  a n a l y s i s  u s in g  t h e  th ia m in e  c o n t r o l  g ro u p  a s  t h e  
r e f e r e n c e  g ro u p  r e v e a l e d  d e c r e a s e d  t o t a l  l e u c o c y t e  c o u n t  ( P c O .O S )  in  
t h e  0.5% DSH g ro u p  and  i n c r e a s e d  haem o g lo b in  c o n t e n t  ( P < 0 . 0 2 )  i n  th e  
1% DSH g ro u p .
In  T a b le  3 -23  a r e  g iv e n  th e  r e l a t i v e  w e ig h t s  o f  s e l e c t e d  o rg a n s  
o f  t h e  c o n t r o l  and  t e s t  g r o u p s .
The r e l a t i v e  w e ig h t s  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  o r g a n s  a r e  
e x p r e s s e d  i n c l u d i n g  t h e  g a s t r o i n t e s t i n a l  c o n t e n t s  (o rg a n  f u l l )  and  
e x c lu d i n g  i t  ( o rg a n  e m p ty ) .
The 0.5% DSH g ro u p  was found  t o  have  lo w e r  r e l a t i v e  w e ig h t s  o f  
thymus ( P < 0 . 0 2 ) ,  l u n g s  ( P < 0 . 0 0 1 ) ,  h e a r t  ( P < 0 i 0 5 ) ,  c o lo n  and r e c tu m  
empty ( P < 0 . 0 5 ) ,  u r i n a r y  b l a d d e r  ( P < 0 . 0 1 )  and  t e s t i s  ( P c O .O O l)  and 
h i g h e r  r e l a t i v e  w e ig h ts  o f  l i v e r  ( P < 0 . 0 5 ) ,  caecum  f u l l  ( P < 0 . 0 2 )  and
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v e s i c u l a  s e m i n a l i s  ( P ^ O . O l )  th a n  t h e  c o n t r o l  g ro u p .
The 1% DSH g roup  showed d e c r e a s e d  r e l a t i v e  w e ig h ts  o f  b r a i n  
( P < 0 . 0 5 ) ,  thymus C P < D .0 2 ) ,  lu n g s  ( P c O .O O l ) ,  u r i n a r y  b l a d d e r  ( P ^ O . 0 2 )  
and  t e s t i s  ( P c  0 .0 0 1 )  and i n c r e a s e d  r e l a t i v e  w e ig h ts  o f  l i v e r  (P <  0 .0 0 1 ) ,  
s p l e e n  ( P c 0 . 0 2 ) ,  s tom ach  f u l l  ( P c O .O O l ) ,  s m a l l  i n t e s t i n e  f u l l  
(P <  0 . 0 0 1 ) ,  caecum  f u l l  (P < 0 . 0 0 1 )  and v e s i c u l a  s e m i n a l i s  ( P c O .O O l)  
when com pared  w i t h  th e  c o n t r o l  g r o u p .
D e c r e a s e d  r e l a t i v e  w e ig h ts  o f  thymus ( P c O .O O l ) ,  lu n g  (P<  0 . 0 0 1 ) ,  
c o lo n  and  r e c tu m  f u l l  ( P < 0 . 0 5 )  and  empty ( P < 0 . 0 5 ) ,  u r i n a r y  b l a d d e r  
( P ^ O '0 2 )  and t e s t i s  ( P c o . O O l )  and  i n c r e a s e d  r e l a t i v e  w e ig h ts  o f  l i v e r  
( P c O .O O l ) ,  s p l e e n  ( P c O . O l ) ,  stom ach  f u l l  ( P < 0 . 0 5 ) ,  caecum  f u l l  
(P <  0 .0 1 )  and  v e s i c u l a  s e m i n a l i s  ( P c 0 . 0 2 )  were o b t a i n e d  i n  t h e  2% DSH 
g ro u p  when com pared  w i th  t h e  c o n t r o l  g ro u p .
• The th ia m in e  c o n t r o l  g ro u p  showed lo w e r  r e l a t i v e  w e ig h ts  o f  b r a i n  
( P c o . O l ) ,  thymus ( P c 0 . O 2 ) ,  lu n g s  ( P c Q . O l ) ,  p a n c r e a s  ( P c O . 0 0 2 )  and  
t e s t i s  ( P < 0 .0 0 1 )  and  h i g h e r  r e l a t i v e  w e ig h ts  o f  l i v e r  ( P < 0 . 0 0 1 ) ,  
s p l e e n  ( P < 0 . 0 2 ) ,  s tom ach  f u l l  (P <  0 .0 0 1 )  and  s m a l l  i n t e s t i n e  f u l l  
( P <  0 .0 0 1 )  t h a n  th e  c o n t r o l  g ro u p .
S t a t i s t i c a l  a n a l y s i s  u s in g  t h e  t h ia m in e  c o n t r o l  g ro u p  a s  t h e  
r e f e r e n c e  g ro u p  r e v e a l e d  d e c r e a s e d  r e l a t i v e  w e ig h ts  o f  h e a r t  ( P < 0 . 0 5 ) ,  
s p l e e n  ( P < 0 . 0 5 ) ,  l i v e r  ( P < 0 . 0 5 )  and s m a l l  i n t e s t i n e  f u l l  ( P < 0 . 0 1 )  
and empty ( P < 0 . 0 5 )  i n  t h e  0.5% DSH g ro u p .
I n c r e a s e d  r e l a t i v e  w e ig h ts  o f  p a n c r e a s  ( P <  0 .0 0 1 )  and k id n e y  
( P < 0 . 0 5 )  were o b s e rv e d  i n  t h e  1% DSH g roup  when compared w i th  t h e  
t h ia m in e  c o n t r o l .
The 2% DSH g ro u p  showed h i g h e r  p a n c r e a s  r e l a t i v e  w e ig h t  ( P < 0 . 0 2 )  
th a n  t h e  t h ia m in e  c o n t r o l  g ro u p .
H i s t o l o g i c a l  e x a m in a t io n  o f  s e c t i o n s  o f  t h e  k id n e y  (H a e m a to x y l in -  
e o s i n )  o f  t h e  2% DSH g roup  showed p e r i v a s c u l a r  a c c u m u la t io n  o f  lym pho­
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c y t e s ,  d i l a t i o n  o f  th e  g lo m e r u la r  s p a c e  and ly m p h o c y t ic  i n f i l t r a t i o n  
o f  t h e  g l o m e r u la r  t u f t .
The p r e s e n c e  o f  a c i d o p h i l i c  p r o t e i n a c e o u s  m a t e r i a l  i n  some d i l a t e d  
t u b u l e s ,  p a r t i c u l a r l y  i n  c o n v o lu t e d  t u b u l e s  o f  th e  m e d u l la ,  and some 
l i m i t e d  a r e a s  o f  f a t t y  d e g e n e r a t i o n  were a l s o  o b s e r v e d .
H i s t o l o g i c a l  e x a m in a t io n  o f  s e c t i o n s  o f  th e  u r i n a r y  b l a d d e r  
( H a e m a to x y l in - e o s in )  o f  t h e  2% DSH g ro u p  r e v e a l e d  th e  p r e s e n c e  o f  p r o ­
t e i n a c e o u s  m a t e r i a l  i n  t h e  b l a d d e r  neck  o r / a n d  i n  t h e  b l a d d e r  i t s e l f .
The h i s t o p a t h o l o g i c a l  c h a n g es  o b s e rv e d  i n  t h e  k id n e y  and  b l a d d e r  
o f  t h e  2% DSH g ro u p  were a l s o  found  i n  t h e  th ia m in e  c o n t r o l  g r o u p .
In d e p e n d e n t  h i s t o l o g i c a l  e x a m in a t io n  (Mr. D. H a l l ,  B io c h e m is t r y  
D e p a r tm e n t ,  U n i v e r s i t y  o f  S u r r e y )  o f  t h e  k id n e y  and b l a d d e r  s e c t i o n s  
revealed ; no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  th e  2% DSH g ro u p  and  t h e  
th ia m in e  c o n t r o l  g ro u p .
No ab n o rm a l a c c u m u la t io n  o f  c a lc iu m  was o b s e rv e d  in  s e c t i o n s  o f
th e  k id n e y  and  b l a d d e r  (Von Kossa* s s i l v e r  m ethod) o f  t h e  2% DSH group
and th e  t h ia m in e  c o n t r o l  g ro u p .
U r i n a r y  b l a d d e r  c a l c u l i  were found  i n  two male m ice o f  t h e  2% DSH
g ro u p .
The washed and d r i e d  c a l c u l i  w eighed  1 .9 9  -  9 .9 7  mg.
A p h o to g ra p h  o f  t h e  c a l c u l i  w i t h  t h e i r  r e s p e c t i v e  u r i n a r y  b l a d d e r  
i s  g iv e n  i n  F i g u r e  3 - 7 .
The r e s u l t s  o f  th e  q u a l i t a t i v e  c h e m ic a l  a n a l y s i s  o f  t h e  b l a d d e r
c a l c u l i  a r e  shown in  T a b le  3 - 2 4 .
The c h e m ic a l  t e s t s  w ere  p o s i t i v e  f o r  c a lc iu m  o x a l a t e .
No c o n c l u s i v e  r e s u l t s  w ere  o b t a i n e d  f o r  t h e  p r e s e n c e  o f  p h o s p h a te
o r  c a lc iu m  o t h e r  t h a n  o x a l a t e .
I n  T a b le  3 -25  a r e  g iv e n  th e  r e s u l t s  o f  t h e  i n f r a r e d  s p e c t r a  d e -
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t e r m i n a t i o n s  o f  t h e  b l a d d e r  c a l c u l i .
C om parisons  o f  t h e  i n f r a r e d  s p e c t r a  o f  t h e  u r i n a r y  b l a d d e r  
c a l c u l i  w i th  p u b l i s h e d  i n f r a r e d  s p e c t r a  o f  c a lc iu m  o x a l a t e ,  c a lc iu m  
p h o s p h a te  and  c a lc iu m  o x a l a t e - p h o s p h a t e  u r i n a r y  c a l c u l i  (Weissman e t  a l , 
1959; T sa y ,  1961) i n d i c a t e d  t h a t  t h e  u r i n a r y  b l a d d e r  c a l c u l i  found  in  
two m ice o f  t h e  2% DSH g ro u p  w ere  m a in ly  composed o f  c a lc iu m  o x a l a t e  
and  c a lc iu m  p h o s p h a te .
The u r i n a r y  t o t a l  e x c r e t i o n  o f  o x a l a t e ,  a s  o x a l i c  a c i d ,  o f  t h e  
c o n t r o l  and t e s t  g ro u p s  i s  g iv e n  i n  T a b le  3 - 2 6 .
The 0.5% DSH g ro u p  (P <  0 . 0 0 1 ) ,  1% DSH g ro u p  (P <  0 .0 0 1 )  and 2%
DSH g roup  (P <  0 .0 0 1 )  showed g r e a t e r  u r i n a r y  e x c r e t i o n  o f  o x a l a t e  th a n  
th e  c o n t r o l  g ro u p .
The th ia m in e  c o n t r o l  g ro u p  was a l s o  found  to  have  h i g h e r  u r i n a r y  
e x c r e t i o n  o f  o x a l a t e  ( P < 0 . 0 2 )  th a n  th e  c o n t r o l  g ro u p .
S t a t i s t i c a l  a n a l y s i s  u s in g  t h e  th ia m in e  c o n t r o l  g roup  a s  t h e  
r e f e r e n c e  g ro u p  d i d  n o t  r e v e a l  any  s i g n i f i c a n t  d i f f e r e n c e s  i n  u r i n a r y  
e x c r e t i o n  o f  o x a l a t e  be tw een  t h e  t e s t  g ro u p s  and th e  th ia m in e  c o n t r o l  
g ro u p .
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F i g u r e  3 -6  Body w e ig h ts o f  m ale m ice  do sed  w i th  DSH
a t  d i e t a r y  l e v e l s  o f  0 ,  0 , 5 ,  1 and 2% f o r  90 days
50
40
^  30
tow
4-)
to
g 20
10
0 -
o — o —
_L
4 6
Time (w eeks)
10 12
□
C o n t r o l
T h iam ine  C o n t r o l  
0.5% DSH 
1% DSH 
2% DSH
V a lu e s  a r e  t h e  means f o r  g ro u p s  o f  10 m ice
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T able 3 -1 6  Food in ta k e  o f  male m ice dosed w ith  DSH a t  d ie ta r y
l e v e l s  o f  0 , 0 . 5 ,  1 and 2% fo r  90 days.
Food
(g /1 0 0
i n t a k e  
g body w t/2 4 h )
Week C o n t r o l T h iam ine
c o n t r o l
0.5% DSH 1% DSH 2% DSH
0 - - - _
1 23 29 19 17 21
2 17 13 20 20 21
3 19 17 18 17 19
4 11 16 19 18 18
5 16 16 18 18 18
6 15 15 13 12 12
7 13 18 17 18 18
8 13 17 13 13 14
9 13 17 8 8 14
10 12 17 16 20 22
11 14 14 19 21 23
12 14 17 20 15 15
V a lu e s  a r e th e  means f o r  g ro u p s  o f  10 male m ic e .
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T a b le  3 -21  Serum a l k a l i n e  p h o s p h a ta s e  and  a l a n i n e  t r a n s a m in a s e
a c t i v i t i e s  o f  m ale  m ice dosed  w i th  DSH a t  d i e t a r y  
l e v e l s  o f  0 ,  0 . 5 ,  1 and 2% f o r  90 days
D i e t a r y  l e v e l  
o f  DSH 
(%)
A l k a l i n e
p h o s p h a ta s e
(Ü /1 )
A la n in e
t r a n s a m i n a s e
(D /1 )
0^ 23 + 3 4 + 1
0^ 15 + 4 4 + 1
0 . 5 2 4 + 8 4 + 1
1 2 8 + 9 4 + 2
2 2 2 + 5 4 + 1
V a l u e s - a r e  t h e  means + s t a n d a r d  d e v i a t i o n s  f o r  g ro u p s  o f  10 m ale  m ic e .  
V a lu e s  m arked w i t h  * o r  * d i f f e r  s i g n i f i c a n t l y  ( S t u d e n t ' s  t  t e s t )  f rom  
t h e  c o r r e s p o n d in g  c o n t r o l s :  p <  o .0 1 ;  ***** P <  0 ,0 0 1 .
a -  C o n t r o l  g ro u p  
b -  T h iam ine  c o n t r o l  g ro u p
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F ig u r e  3 -7  U r i n a r y  b l a d d e r  c a l c u l i  o f  two m ice dosed  w i th  DSH 
a t  a d i e t a r y  l e v e l  o f  2% f o r  90 days
105
T ab le 3 -24
c a l c u l i  found  in  two m ale m ice dosed  w i th  DSH a t
a d i e t a r y  l e v e l  o f  2% f o r 90 days
P a r a m e te r ^ R e s u l t
U r a t e s -
C y s t in e -
C a rb o n a te -
C a lc iu m  o x a l a t e ^ +
P h o s p h a te N ot c o n c l u s i v e
C a lc iu m  o t h e r  t h a n  o x a l a t e N ot c o n c l u s i v e  •
Magnesium -
Ammonium
a - Sam ples  f ro m  t h e  u r i n a r y  b l a d d e r  c a l c u l i  o f  t h e  two a n im a ls  
gave  s i m i l a r  r e s u l t s .
The c h e m ic a l  a n a l y s i s  s e q u e n c e  recommended by La Ganga (1 9 7 4 )  
was f o l l o w e d .
b -  The p r e s e n c e  o f  c a lc iu m  o x a l a t e  was a l s o  c o n f i rm e d  c o l o r i m e t -  
r i c a l l y  (H odgk inson  and  W i l l i a m s ,  1 9 7 2 ) .
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T able 3 -2 5
two male m ice do sed  w i th  DSH. a t  a  d i e t a r y  l e v e l  o f
2% f o r  90 days
F req u en cy
Compound^ Found R e q u i r e d ^
(cm ^ ) (cm ^ )
C a lc iu m  o x a l a t e 3520 -  3320 3510 -  3330
1640 1640 -  1620
1380 1377 -  1335
C a lc iu m  p h o s p h a te 1110 -  1040 I I IO ' -  1000
C a lc iu m  o x a l a t e - p h o s p h a t e 850 -  780 950 -  779
a  -
b -
Sam ples  f ro m  t h e  u r i n a r y  b l a d d e r  c a l c u l i  o f  t h e  two a n im a ls  
gave  s i m i l a r  i n f r a r e d  s p e c t r a  ( O r  d i s c s )
R e f e r e n c e s :  Weissman e t  ^  (1959 )
T say  (1961 )
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T a b le  3 -26  U r i n a r y  o x a l a t e  e x c r e t i o n  o f  m ale m ice  do sed  w i th  DSH 
a t  d i e t a r y  l e v e l s  o f  0 ,  0 . 5 ,  1 and  2% f o r  90 days
D i e t a r y  l e v e l  
o f  DSH 
(%)
Oxalate*^
(mg/Kg body w t /2 4  h )
0^ 1 1 .4  + 4 . 1
^ b0 1 8 .9  + 7 . 8
0 . 5 2 2 .7  + 5 .9
1 2 1 .3  + 5 . 4
2
t f f 9 t
2 0 .2  + 5 .0
•
V a lu e s  a r e  t h e  means + s t a n d a r d  d e v i a t i o n s  f o r  g ro u p s  o f  10 m ale  m ic e .  
V a lu e s  m r k e d  w i th  * d i f f e r  s i g n i f i c a n t l y  ( S t u d e n t ' s  t  t e s t )  f rom  th e  
c o n t r o l  g ro u p :  "  P <  0 . 0 2 ;  ' ' ' '  ' P <  0 .0 0 1 .
a  -  C o n t r o l  g ro u p  
b -  T h iam ine  c o n t r o l  g ro u p  
c -  V a lu e s  f o r  o x a l a t e  a s  o x a l i c  a c i d .
3 . 3 . 5  M u t a g e n i c i t y  s t u d i e s
The r e s u l t s  o f  t h e  m u t a g e n i c i t y  s t u d i e s  a r e  g iv e n  i n  T a b le  3 - 2 7 .  
DSH was fo u n d  to  be n o n -m u ta g e n ic  to  t h e  s t r a i n s  o f  S a lm o n e l l a  
ty p h im u riu m  TA- 9 8 ,  TA-1 0 0 ,  TA-1535 and TA-1537 u se d  i n  t h e  s a l m o n e l l a /
m am malian-microsom e m u t a g e n i c i t y  t e s t .
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T a b le  3 -2 7  M u ta g e n i c i t y  s t u d i e s  o f  DSH w i t h  t h e  sa lm o n e lla /m am m alian -  
m icrosom e m u t a g e n i c i t y  t e s t
B a c t e r i a l  s t r a i n s TA-98  TA-lOO TA-1535 TA-1537
(Mumber o f  h i s t i d i n e  r e v e r t a n t s / p l a t e )
W ith  S9 a c t i v a t i o n
S p o n ta n e o u s  r e v e r s i o n 190 178 32 16
P o s i t i v e  c o n t r o l 10000 1413 - 6081
DSH 1 Mg 103 174 36 14
10 MS 137 170 31 16
100 MS 63 228 33 13
1000 MS 104 224 41 18
W ith o u t a c t i v a t i o n
S p o n ta n e o u s  r e v e r s i o n 33 178 51 11
P o s i t i v e  c o n t r o l 2407 3830 2053 6423
DSH 1 MS 33 196 64 11
10 MS 28 330 55 14
100 H S 31 225 41 8
1000 MS 29 214 63 12
P o s i t i v e  c o n t r o l s
W ith  :59 W ith o u t  S9
TA-98  2 -A n th ra m in e (20 MS) 2-N i  t r o  f l u o r e n e (5 M g)
TA-100  2 -A n th ra m in e (20 m s) MMG^ (2  mS)
TA-1535 2 -A n th ra m in e (20 m s) MNNG* (2 M g )
TA-1537 2 -A n th ra m in e (20  M g ) 9 -A m in o a c r id in e (40 M g)
R e s u l t s  a r e  t h e  means o f  t r i p l i c a t e  d e t e r m i n a t i o n s ,  
a  -  N - m e t h y l - N * - n i t r o - N - n i t r o s o g u a n i d i n e
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3 .4  D i s c u s s i o n
The LD^q o f  DSH, d e te r m in e d  i n  r a t s  and m ice  o f  b o th  s e x e s ,  was 
found  to  be i n  e x c e s s  o f  5 g/Kg body wt f o r  b o th  s p e c i e s  and s e x e s .  
T a k in g  i n t o  c o n s i d e r a t i o n  t h e  reco m m en d a tio n s  o f  t h e  W orld H e a l th  
O r g a n i z a t i o n  (WHO, 1974) r e g a r d i n g  th e  i n v e s t i g a t i o n  o f  t h e  a c u t e  
t o x i c i t y  o f  fo o d  a d d i t i v e s ,  no a t t e m p t s  to  d e te r m in e  t h e  LD^^ o f  DSH 
w ere  made a t  d o se  l e v e l s  above  5 g/Kg body w t .
A t  t h i s  d o se  l e v e l ,  an  i n i t i a l ,  t r a n s i e n t  d i a r r h o e a  was o b s e rv e d  
i n  a l l  t h e  a n i m a l s , t h a t  c o u ld  have  been  p ro d u ce d  by a  r a p i d  i n c r e a s e  
i n  t h e  o s m o t ic  p r e s s u r e  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  o f  t h e  a n im a ls  
due to  t h e  p r e s e n c e  o f  DSH a n d / o r  a s  a  c o n seq u e n c e  o f  i r r i t a t i o n  o r  
in f l a m m a t io n  o f  t h e  mucous membrane o f  t h e  bowel by DSH.
The h a e m a to l o g i c a l  c h a n g es  i n  t h e  fem a le  r a t s  (T a b le  3 - 3 )  and 
male m ice (T a b le  3 - 6 )  and  th e  d e c r e a s e  i n  t h e  r e l a t i v e  w e ig h ts  o f  
c e r t a i n  o r g a n s  o f  b o t h  t h e  fe m a le  r a t s  (T a b le  3 - 4 )  and th e  m ale  and 
fe m a le  m ice  (T a b le  3 - 7 ) ,  do sed  i n t r a g a s t r i c a l l y  w i th  5 g DSH/Kg body 
w t ,  w ere  w i t h i n  t h e  r a n g e  o f  t h e  no rm al v a l u e s  p u b l i s h e d  f o r  t h e  two 
s p e c i e s  (M i t ru k a  and R aw n sley ,  1 9 7 7 ) .  T h e r e f o r e ,  t h e s e  f i n d i n g s  were 
c o n s i d e r e d  t o  have  no t o x i c o l o g i c a l  im p o r ta n c e .
The g ro w th  c u r v e s  o f  m ale r a t s  d o se d  DSH a t  d i e t a r y  l e v e l s  o f  
0 . 5  and  2% f o r  21 d a y s  ( F ig u r e  3 - 3 )  and  male m ice  d o se d  DSH a t  d i e t a r y  
l e v e l s  o f  0 . 5 ,  1 and 2% f o r  90 d ays  ( F ig u r e  3 - 6 )  d i d  n o t  show any  a p ­
p a r e n t  g r o w t h - i n h i b i t i n g  e f f e c t  by DSH a t  t h e  do se  l e v e l s  u s e d .
DSH d oes  n o t  a p p e a r  t o  be t h e  i n t e r a c t i o n  compound r e p o r t e d  to  
have  c a u s e d  r e d u c t i o n  i n  t h e  body w e ig h t  g a in s  o f  r a t s  f e d  s t o r e d  s u l -  
p h i t e d . d i e t s  ( F i t z h u g h  e t  a l ,  1946; B h a g a t  and  L o c k e t t ,  1 9 6 4 ) .
T h ia m in e - s u p p le m e n te d  c o n t r o l s  were u se d  i n  t h e  r a t  -  21 day 
s tu d y  and  m ice -  90 day  s tu d y  f o l l o w i n g  r e p o r t s  o f  a  t o x i c  i n t e r a c ­
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t i o n  compound i n  s t o r e d  s u l p h i t e d  d i e t s  w i th  weak a n t i t h i a m i n e  a c ­
t i v i t y  (B h a g a t  and L o c k e t t ,  1 9 6 4 ) .  The l e v e l s  o f  th ia m in e  s u p p l e ­
m e n t a t i o n  u se d  in  t h e  s h o r t - t e r m  s t u d i e s  (50 mg th ia m in e /K g  d i e t )  
were c o m p a rab le  to  t h e  l e v e l s  employed i n  p r e v i o u s  s t u d i e s  ( T i l  _et a l ,  
1972) w hich  p ro v ed  to  p ro d u c e  no h a rm fu l  e f f e c t s .
D e t e r m in a t io n  o f  u r i n a r y  th ia m in e  e x c r e t i o n s  i n  t h e  r a t  -  21 day 
s tu d y  (T a b le  3 - 1 0 )  and  m ice -  90 day s tu d y  (T a b le  3 - 1 9 )  d e m o n s t r a te d  
t h a t  even  th o u g h  a d e c r e a s e  i n  u r i n a r y  t h ia m in e  e x c r e t i o n  o c c u r r e d  in  
t h e  t e s t  a n i m a l s ,  when com pared w i t h  t h e  th ia m in e  c o n t r o l s ,  t h e  th ia m in e  
s u p p le m e n ta t i o n  was s u f f i c i e n t  t o  p ro d u c e  u r i n a r y  t h ia m in e  e x c r e t i o n  
v a l u e s  g r e a t e r  t h a n  t h e  c o n t r o l  g ro u p  v a l u e s  i n  b o th  s p e c i e s .
The c o n c e n t r a t i o n  o f  th ia m in e  i n  t h e  l i v e r  o f  t h e  t e s t  m ice 
(T a b le  3 - 1 9 )  c o n f i rm e d  t h a t  t h e  t e s t  a n im a ls  were n o t  a f f e c t e d  by t h i a ­
mine d e f i c i e n c y .
The r e d u c t i o n  o f  u r i n a r y  th ia m in e  e x c r e t i o n  o b s e rv e d  i n  t h e  t e s t  
g ro u p s  o f  t h e  s h o r t - t e r m  s t u d i e s ,  when com pared w i t h  t h e  t h ia m in e  c o n ­
t r o l s ,  m ig h t  have  been  c a u se d  by an  i n c r e a s e d  l a b i l i t y  o f  th ia m in e  i n  
t h e  a l k a l i n e  u r i n e  o f  t h e  t e s t  r a t s  (T a b le  3 - 9 )  and  t e s t  m ice (T a b le  
3 - 1 7 )
The e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  were n o t  s u f f i c i e n t  to  a s s e s s  
t h e  p o s s i b i l i t y  o f  a  th iam ihe-D SH  i n t e r a c t i o n  i n  v i v o . The e l u c i d a ­
t i o n  o f  s u c h  an  i n t e r a c t i o n  w i l l  r e q u i r e  th e  e x p e n d i t u r e  o f  f u r t h e r  
r e s e a r c h  e f f o r t .
P o l y u r i a ,  p r o t e i n u r i a  and c r e a t i n u r i a  were o b s e rv e d  i n  t h e  r a t  
2% DSH g ro u p  i n  t h e  2 1 - day s tu d y  (T a b le  3 - 9 ,  T a b le  3 - 1 0 ) .  T hese  
e f f e c t s  w ere  a l s o  p r e s e n t  i n  t h e  m ice 2% DSH g ro u p  i n  th e  9 0 -day  
s tu d y  ( T a b le  3 - 1 7 ;  T a b le  3 - 1 8 ) ,  b u t  o n ly  when th e  r e s u l t s  were com pared  . 
w i t h  t h e  c o n t r o l  g r o u p .
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T hese  u r i n a r y  c h a n g es  m ig h t  have  been  c a u se d  by g lo m e r u la r  o r  
t u b u l a r  damage i n  t h e  k id n e y  o f  t h e  t e s t  a n im a ls  w h ich  im p a ir e d  t h e ■ 
a d ju s t m e n t  o f  t h e  c o m p o s i t io n  and volume o f  t h e  u r i n e  ( Z i l v a  and 
P a n n a l l ,  1 9 7 5 ) .  T h is  p o s s i b i l i t y  was s u b s t a n t i a t e d  by th e  h i s t o ­
p a t h o l o g i c a l  c h a n g es  found  i n  t h e  k id n e y  o f  t h e  m ice th ia m in e  c o n t r o l  
and  2% DSH g r o u p s .  D i l a t i o n  o f  t h e  g lo m e r u la r  s p a c e ,  ly m p h o c y t ic  
i n f i l t r a t i o n  o f  t h e  g lo m e r u la r  t u f t  and  a c i d o p h i l i c  p r o t e i n a c e o u s  
m a t e r i a l  i n  some d i l a t e d  c o n v o lu t e d  t u b u l e s  o f  t h e  m e d u l la  o f  t h e  
k id n e y  o f  t h e  m ice 2% DSH g ro u p  were o b s e rv e d  ( S e c t i o n  3 . 3 . 4 ) .  The 
p r e s e n c e  o f  t h e s e  h i s t o p a t h o l o g i c a l  ch an g es  i n  t h e  m ice th ia m in e  c o n ­
t r o l  g roup  s u g g e s t e d  t h a t  t h e s e  c h a n g es  were a c o n se q u e n c e  o f  t h e  
n a t u r a l  a g e in g  p r o c e s s  o f  t h e  m ice and  w ere  n o t  due to  t h e  a d m in i s ­
t r a t i o n  o f  DSH.
No m a jo r  h i s t o p a t h o l o g i c a l  c h a n g es  were o b s e rv e d  i n  t h e  k id n e y  
o f  t h e  r a t  t h i a m in e  c o n t r o l  and 2% DSH g ro u p s  ( S e c t i o n  3 . 3 . 3 ) .  T h e r e ­
f o r e ,  i t  i s  b e l i e v e d  t h a t  t h e  o b s e rv e d  p o l y u r i a  m ig h t  have  o c c u r r e d  
a s  a  c o n se q u e n c e  o f  a  s l i g h t  d i u r e t i c  e f f e c t  o f  DSH.
I t  i s  knovTi t h a t  u n d e r  p h y s i o l o g i c a l  c i r c u m s t a n c e s  t h e  l a r g e s t  
c o n t r i b u t i o n  to  t h e  o s m o l a l i t y  o f  t h e  g lo m e r u la r  f i l t r a t e  i n  t h e  
k id n e y  comes f rom  sod ium  s a l t s  ( Z i l v a  and P a n n a l l ,  1 9 7 5 ) .  A c t i v e  
rem o v a l  o f  sod ium  i n  t h e  p ro x im a l  t u b u l e  i s  f o l l o w e d  by p a s s i v e  
r e a b s o r p t i o n  o f  w a t e r .
L e t  u s  assum e t h a t  a n o t h e r  o s m o t i c a l l y  a c t i v e  s u b s t a n c e ,  su ch  
a s  a b s o rb e d  and p o o r ly  m e ta b o l i z e d  DSH, i s  c i r c u l a t i n g  in  s i g n i f i c a n t  
am ounts  and  can  be f r e e l y  f i l t e r e d  a t  t h e  g lo m e ru lu s  b u t  i t  c a n n o t  
be r e a b s o r b e d ,  e i t h e r  a c t i v e l y  o r  p a s s i v e l y ,  t o  any  s i g n i f i c a n t  e x t e n t  
i n  t h e  p ro x im a l  t u b u l e ,  a s  i n  t h e  c a s e  o f  m a n n i to l  ( B a r r y  and Berman, 
1 9 6 1 ) .  As w a te r  r e a b s o r p t i o n  t a k e s  p l a c e  w i t h  t h a t  o f  sod ium , t h e  
p o o r l y  m e ta b o l i z e d  DSH w i l l  become more c o n c e n t r a t e d  and  i t s  o s m o t ic
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e f f e c t  w i l l  i n h i b i t  f u r t h e r  w a te r  d i f f u s i o n .  S in c e  l e s s  w a te r  i s  
r e a b s o r b e d ,  a  l a r g e r  volum e th a n  u s u a l  w i l l  e n t e r  th e  lo o p  o f  H en le  
and  f lo w  th ro u g h  th e  r e s t  o f  t h e  t u b u l a r  s y s te m .  W ater  r e a b s o r p t i o n  
i n  t h e  d i s t a l  t u b u l e  and  c o l l e c t i n g  d u c t  has  a  l i m i t e d  c a p a c i t y ,  t h e r e ­
f o r e ,  w a t e r  d i u r e s i s  w i l l  r e s u l t .
The p r o p o s e d  d i u r e t i c  e f f e c t  o f  DSH can  a l s o  be o b s e rv e d  i n  t h e  
d e c r e a s e d  c o n c e n t r a t i o n s  o f  u r i n a r y  e l e c t r o l y t e s  such  a s  p o t a s s i u m  o r  
c h l o r i d e  ( T a b le  3 - 1 1 ) ,  i n  t h e  2% DSH g ro u p ,  w h ich  c o r r e s p o n d  to  i n ­
c r e a s e d  24 h u r i n a r y  e x c r e t i o n s  o f  t h e s e  e l e c t r o l y t e s ,  when com pared 
w i t h  t h e  t h i a m i n e  c o n t r o l .
The i n c r e a s e d  u r i n a r y  e x c r e t i o n  o f  sodium  o b s e rv e d  in  t h e  r a t  
0 . 5  and 2% DSH g ro u p s  (T a b le  3 - 1 1 )  and mice 1 and 2% DSH g ro u p s  (T a b le  
3 - 2 0 )  i s  b e l i e v e d  to  have  been  c a u s e d  by a h i g h e r  d i e t a r y  i n t a k e  o f  
sod ium  ( H a r p e r ,  1971) by th e  t e s t  g ro u p s  i n  t h e  fo rm  o f  t h e  sod ium  
s a l t  o f  DSH.
T h is  i n c r e a s e  i n  t h e  sodium  l o a d  i n  t h e  k id n e y  o f  t h e  t e s t  a n im a ls ,  
com bined w i t h  t h e  p r o p o se d  m ild  d i u r e t i c  e f f e c t  o f  DSH, c o u ld  have  been  
th e  c a u s e  o f  t h e  h i g h e r  p o t a s s iu m ,  c h l o r i d e  and c a lc iu m  e x c r e t i o n s  
o b s e rv e d  i n  t h e  r a t  2% DSH g ro u p  ( T a b le  3 - 1 1 ) .  The same e f f e c t s  w ere  
fo u n d  i n  t h e  m ice 2% DSH g roup  (T a b le  3 - 2 0 )  b u t  o n ly  when t h e  t e s t  
g ro u p  was com pared  w i t h  t h e  c o n t r o l  g ro u p .
P o t a s s i u m  i s  r e a b s o r b e d  i n  t h e  p ro x im a l  t u b u l e  i n  t h e  k id n e y  and 
r e s e c r e t e d  i n  t h e  d i s t a l  t u b u le  and c o l l e c t i n g  d u c t s  i n  exchange  f o r  
sod ium . L o s s e s  o f  p o t a s s iu m  i n  t h e  u r i n e  c o u ld  have  o c c u r r e d  due to  
an  e x c e s s i v e  am ount o f  sod ium  a v a i l a b l e  f o r  ex ch an g e  i n  th e  g l o m e r u la r  
f i l t r a t e  due t o  i n c r e a s e d  d i e t a r y  i n t a k e  o f  sod ium . T h i s  s i t u a t i o n  
m ig h t  have  b een  a g g r a v a t e d  by t h e  p ro p o s e d  d i u r e t i c  e f f e c t  o f  DSH. 
P ro x im a l  t u b u l a r  r e a b s o r p t i o n  o f  sod ium  c o u ld  have  been  i n h i b i t e d  by
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DSH, th e  i n c r e a s e d  sodium  l o a d  in  t h e  d i s t a l  t u b u l e  and c o l l e c t i n g  
d u c t s  would have  i n c r e a s e d  s o d iu m /p o ta s s iu m  exchange  a t  t h e s e  s i t e s  
and g e n e r a t e d  th e  o b s e rv e d  i n c r e a s e  in  u r i n a r y  p o ta s s iu m  e x c r e t i o n .
The i n c r e a s e  i n  u r i n a r y  c h l o r i d e  e x c r e t i o n  may be e x p la i n e d  by 
c o n s i d e r i n g  t h e  m echanism  f o r  r e a b s o r p t i o n  o f  c h l o r i d e  i n  t h e  k id n e y  
(C lap p  and R e c t o r ,  1 9 6 1 ) .  Sodium i s  n o r m a l ly  a c t i v e l y  r e a b s o r b e d  
i n  t h e  p r o x im a l  t u b u l e  and c h l o r i d e  f o l l o w s  p a s s i v e l y  i n  o r d e r  to  
m a i n t a i n  e l e c t r o c h e m i c a l  n e u t r a l i t y .  I f  t h e  r e a b s o r p t i o n  o f  sodium  
i n  t h e  p ro x im a l  t u b u l e  was im p a ir e d  by DSH, c o n c e n t r a t i o n  o f  c h l o r i d e  
i n  t h e  g lo m e r u la r  f i l t r a t e  c o u ld  have  o c c u r r e d  l e a d i n g  to  i n c r e a s e d
u r i n a r y  c h l o r i d e  e x c r e t i o n .
The i n c r e a s e  i n  u r i n a r y  c a lc iu m  e x c r e t i o n  i s  a l s o  b e l i e v e d  to
be a c o n se q u e n c e  o f  t h e  h i g h e r  d i e t a r y  i n t a k e  o f  sod ium , i n  t h e  fo rm  
o f  t h e  sod ium  s a l t  o f  DSH, by th e  t e s t  a n im a ls  s i n c e  i t  i s  known t h a t  
c h a n g e s  i n  t h e  e x c r e t i o n  o f  sodium  a r e  f r e q u e n t l y  a c com pan ied  by 
p a r a l l e l  c h a n g e s  i n  c a lc iu m  e x c r e t i o n  (W a ls e r ,  1 9 6 1 ) .
R a p id ly  p h o s p h o r y l a t e d  s u b s t r a t e s  l i k e  f r u c t o s e ,  s o r b i t o l  and 
Dc^'litol a r e  n e a r l y  q u a n t i t a t i v e l y  c o n v e r t e d  i n  t h e  l i v e r  t o  g lu c o s e  
a n d / o r  l a c t a t e  by p r o c e s s e s  w hich  l e a v e  th e  o rg a n  i n  a s e v e r e  m e ta ­
b o l i c  d e ra n g e m e n t  ( S e s t o f t ,  1974; S e s t o f t  and G a m m e lto f t ,  1976 ; S e s t o f t ,  
1 9 7 8 ) .
The r a t e  o f  oxygen u p ta k e  i s  i n c r e a s e d  and  th e  c o n c e n t r a t i o n  o f  
t o t a l  l i v e r  a d e n in e  n u c l e o t i d e s ,  ATP and i n o r g a n i c  p h o sp h o ru s  a r e  
d e c r e a s e d .
A p o l y o l ,  d i c a r b o n y l  compound such  a s  DSH m ig h t  be a  s u i t a b l e  
s u b s t r a t e  f o r  r a p i d  p h o s p h o r y l a t i o n ,  w hich  c o u ld  e x p l a i n  t h e  d e c r e a s e  
i n  se rum  ( T a b le  3 - 1 3 )  and  u r i n a r y  i n o r g a n i c  p h o s p h o ru s  (T a b le  3 - 1 1 )  
o b s e rv e d  i n  t h e  r a t  2% DSH g ro u p  i n  t h e  2 1 - day s t u d y .
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The r e s u l t s  o f  t h e  u r i n a l y s i s  and serum  b io c h e m ic a l  a n a l y s i s ,  
e x c e p t  f o r  t h e  p a r a m e te r s  a l r e a d y  d i s c u s s e d ,  and th e  r e s u l t s  o f  th e  
h a e m a to l o g i c a l  e x a m in a t io n s  and r e l a t i v e  o rg a n  w e ig h t  d e t e r m i n a t i o n s  
o f  r a t s  and m ice  i n  t h e  s h o r t - t e r m  s t u d i e s  d i d  n o t  a p p e a r  to  i n d i c a t e  
3-^y t o x i c  e f f e c t s  o f  th e  a d m i n i s t r a t i o n  o f  DSH a t  d i e t a r y  d o se  l e v e l s  
o f  0 .5  and 2% i n  th e  r a t  and 0 . 5 ,  1 and 2% i n  t h e  m ic e .
H i s t o l o g i c a l  e x a m in a t io n  o f  t h e  l i v e r  n o d u le  o f  one o f  t h e  r a t s ,  
o f  t h e  2% DSH g ro u p  r e v e a l e d  h y p e r p l a s t i c  c h a n g e s ,  m u l t i n u c l e a r  c e l l s  
and c o l l a g e n  a c c u m u la t io n .  These  f e a t u r e s  were a l s o  o b s e rv e d  i n  l i v e r  
s e c t i o n s  o f  a n im a ls  w i th  c o n f i rm e d  h i a t u s  h e r n i a .  The o b s e rv e d  
h i s t o p a t h o l o g i c a l  c h a n g es  w ere  v e r y  l i k e l y  due to  m e c h a n ic a l  t rau m a  
i n  t h e  a r e a  o f  t h e  h i a t u s  h e r n i a  b u t  t h e  p o s s i b i l i t y  t h a t  t h e  m e ta b ­
o l i s m  o f  DSH i n  t h e  l i v e r  m ig h t  have  p o t e n t i a t e d  t h e  a p p e a r a n c e  o f  t h e  
o b s e rv e d  h i s t o p a t h o l o g i c a l  c h a n g es  c a n n o t  be c o m p le te ly  i g n o r e d  a t  t h i s  
s t a g e .
The o x a l a t e  c a l c u l i  found  i n  t h e  u r i n a r y  b l a d d e r  o f  two m ice  o f  
t h e  2% DSH g ro u p  in  t h e  90 -day  s tu d y  ( F ig u r e  3 - 7 )  were o r i g i n a l l y  
t h o u g h t  to  have  been  fo rm ed  th ro u g h  a m e t a b o l i c  pa thw ay i n v o l v i n g  
th e  f o r m a t io n  o f  o x a l a t e  from  DSH. M e ta b o l ic  s t u d i e s  on m ice g iv e n  
a  s i n g l e  d o se  o f  ^^C -D SH  ( C h a p te r  4 )  f a i l e d  to  i d e n t i f y  -  o x a l a t e  
a s  one o f  t h e  m e t a b o l i t e s  o f  DSH. The a b s e n c e  o f  c o n c l u s i v e
e v id e n c e  o f  h y p e r o x a l u r i a  i n  t h e  m ice 2% DSH g ro u p  (T a b le  3 - 2 6 )  when 
com pared w i th  t h e  th ia m in e  c o n t r o l  g roup  i s  a l s o  i m p o r t a n t  i n  t h i s  
r e s p e c t .
An enzym ic  m ethod f o r  t h e  m i c r o - d e t e r m i n a t i o n  o f  o x a l a t e  i n  
e x t r a c t s  o f  p l a n t  t i s s u e s  ( T u r n e r ,  1980) c o u ld  be a d a p te d  f o r  t h e  more 
a c c u r a t e  e s t i m a t i o n  o f  t h e  o x a l a t e  e x c r e t i o n  o f  a n im a ls  t r e a t e d  w i th  
DSH.
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I t  i s  n e v e r t h e l e s s  p o s s i b l e  t h a t ,  t a k i n g  i n t o  c o n s i d e r a t i o n  th e  
l i m i t a t i o n s  o f  th e  c o l o r i m e t r i c  method u se d  f o r  th e  d e t e r m i n a t i o n  o f  
o x a l a t e ,  DSH c o u ld  in d u c e  e x c r e t i o n  o f  o x a l a t e  th ro u g h  m echanism s 
s i m i l a r  to  th e  a c c u m u la t io n  o f  c a lc iu m  o x a l a t e  from  th e  m e ta b o l is m  
o f  r a p i d l y  p h o s p h o r y l a t e d  s u b s t r a t e s  l i k e  x y l i t o l  ( S e s t o f t ,  1 9 7 8 ) .  I t  
i s  a l s o  p o s s i b l e  ( B a s u  , 1981 ,*W a l k e r , 1981) t h a t  DSH m ig h t  i n t e r f e r e  
i n  t h e  m e ta b o l i s m  o f  a s c o r b i c  a c i d  by s h i f t i n g  t h e  m e t a b o l i c  pa thw ay  • 
to  o x a l i c  a c i d  f o r m a t i o n  (B urns e t  a l ,  1951; B aker e t  1966; 
G a m b a rd e l la  and  R ic h a r d s o n ,  1977) due to  t h e  s i m i l a r i t y  be tw een  DSH 
and a s c o r b a t e  s u l p h a t e s ,  u r i n a r y  m e t a b o l i t e s  o f  a s c o r b i c  a c i d  (B aker  
e t  a l ,  1971; B u rn s ,  1 9 7 5 ) .
No c a lc iu m  d e p o s i t i o n  was o b s e rv e d  in  s e c t i o n s  o f  t h e  k id n e y  
and b l a d d e r  o f  m ice o f  t h e  2% DSH and th ia m in e  c o n t r o l  g ro u p s  s t a i n e d  
w i th  t h e  Von K o ssa  s i l v e r  method (Von K o ssa ,  1 9 0 1 ) .  T h i s  m ethod 
d e m o s t r a t e s  t h e  p r e s e n c e  o f  p h o s p h a te  and c a r b o n a t e  and  n o t  t h e  p r e s -  
en ce  o f  ca lc iu m .^  I n  a n im a l  t i s s u e s ,  how ever, i n s o l u b l e  p h o s p h a te s  
and c a r b o n a t e s  a r e  n e a r l y  a lw ays  th o s e  o f  c a lc iu m  and  th e  t e s t  i s  
u s u a l l y  r e g a r d e d  a s  s u f f i c i e n t l y  s p e c i f i c  f o r  t h i s  e l e m e n t .  However, 
th e  r e a c t i o n  o f  c a lc iu m  o x a l a t e  w i th  t h e  Von K o ssa  m ethod i s  su p p o sed  
to  be v a r i a b l e  and u n c e r t a i n  ( P i z z o l a t o ,  1 9 6 4 ) .  T h e r e f o r e ,  a l t e r n a t i v e  
t e c h n i q u e s  f o r  t h e  v i s u a l i z a t i o n  o f  c a lc iu m  o x a l a t e  d e p o s i t s  i n  t h e  
t i s s u e s  o f  a n im a ls  t r e a t e d  w i th  DSH would be recommended ( P i z z o l a t o ,  
1964; P i z z o l a t o  and P i z z o l a t o ,  1966; Y asue , 1969) . .
The d e t e r m i n a t i o n  o f  t h e  m u ta g e n ic  a c t i v i t y  o f  DSH was p rom pted  
by th e  work o f  L a f o n t  and L a f o n t  (1 9 7 9 ) ,  T hese  w o rk e rs  r e p o r t e d  t h e  
f o r m a t io n  o f  a  m u ta g e n ic  s u b s ta n c e  in  w ine t r e a t e d  w i th  s u lp h u r  d i o x id e  
and s o r b i c  a c i d  a t  l e g a l l y  p e r m i t t e d  l e v e l s .
DSH was -found to  be n o n -m u ta g e n ic  (T a b le  3 - 2 7 )  t o  t h e  s t r a i n s
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o f  S a lm o n e l l a  ty p h im urium  u se d  i n  t h e  Ames t e s t  (Ames, 1 9 7 5 ) .
I t  h a s  been  p o s t u l a t e d  t h a t  a  c o r r e l a t i o n  e x i s t s  be tw een  m u ta ­
g e n i c i t y  and c a r c i n o g e n i c i t y  (McCann e t  a l ,  1 9 7 5 ) ,  how ever ,  su c h  a 
s im p le  c o r r e l a t i o n  h a s  been  c o n t e s t e d  (R inkus  and L e g a t o r ,  1977;
Ashby and  S t y l e s ,  1 9 7 8 ) .
L o n g - te rm  s t u d i e s  i n  d i f f e r e n t  s p e c i e s  o f  e x p e r i m e n t a l  a n im a ls  
would be n e c e s s a r y  to  d e te r m in e  th e  c a r c i n o g e n i c  p o t e n t i a l  o f  DSH.
I n  summary, th e  a c u t e  t o x i c i t y  o f  DSH i s  l e s s  t h a n  th e  e q u i v a l e n t  
amount o f  SO^ and t h e  compound i s  n o n - m u ta g e n ic .
The o n l y  m a jo r  p a t h o l o g i c a l  o b s e r v a t i o n  i n  t h e  s h o r t - t e r m  
s t u d i e s  was t h a t  o f  o x a l a t e  c a l c u l i  i n  th e  u r i n a r y  b la d d e r -  o f  two 
m ice i n  t h e  2% DSH g r o u p .
F u r t h e r  work w i l l  be r e q u i r e d  to  e s t a b l i s h  t h e  m e t a b o l i c  o r i g i n s  
o f  t h e  u r i n a r y  o x a l a t e  c a l c u l i .  The f a c t  t h a t  o x a l a t e  c a l c u l i  have 
been  o b s e rv e d  i n  m ice t r e a t e d  w i t h  x y l i t o l  s u g g e s t s  a  p o s s i b l e  common 
pa thw ay  w i t h  DSH.
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C h a p te r  4
METABOLISM OF 3-DE0XY-4-SULPH0HEX0SUL0SE
118
METABOLISM OF 3-DEQXY-4-SULPHQHEX0SUL0SE
4 .1  I n t r o d u c t i o n
S h o r t - t e r m  s t u d i e s  o f  DSH i n  r a t s  (21 d a y s )  and  m ice  (90 d a y s )  
( C h a p te r  3 )  l e d  to  t h e  c o n c l u s i o n  t h a t  th e  o b s e rv e d  p o l y u r i a  i n  r a t s  
do sed  DSH a t  a  d i e t a r y  l e v e l  o f  2% m ig h t  have  been  a  c o n se q u e n c e  o f  
t h e  p r e s e n c e  o f  DSH i n  t h e  g l o m e r u la r  f i l t r a t e  o f  t h e  k id n e y  o f  th o s e  
a n im a l s .
T hese  s t u d i e s  a l s o  r e v e a l e d  th e  p r e s e n c e  o f  u r i n a r y  b l a d d e r  
o x a l a t e  c a l c u l i  i n  mide do sed  DSH a t  a d i e t a r y  l e v e l  o f  2%.
I t  was p ro p o se d  t h a t  t h e  f o r m a t io n  o f  t h e  o x a l a t e  c a l c u l i  m ig h t  
have  been  r e l a t e d  t o  a DSH -induced d i s t u r b a n c e  i n  t h e  m e ta b o l i s m  o f  
a s c o r b i c  a c i d  ( B ^ s u  , 1 9 8 1 ; Walker, 1981) a n d / o r  to  d e g r a d a t i o n  o f  
t h e  c a rb o n  c h a in  o f  DSH, l e a d i n g  t o  f o r m a t io n  o f  o x a l i c  a c i d  in  b o th  
c a s e s .
T h e r e f o r e ,  i t  was c o n s id e r e d  o f  i n t e r e s t  to  s tu d y  t h e  a b s o r p t i o n ,
d i s t r i b u t i o n  and  e x c r e t i o n  o f  DSH i n  r a t s  and m ice u s in g  -DSH 
35and S -D S H .
4 .2  M a t e r i a l s  and m ethods
4 . 2 . 1  C h e m ic a ls
3 - D e o x y -4 - s u lp h o -  U-^^C h e x o s u lo s e  ( ^^C -  DSH) and 3 -d e o x y -  
r  35 1 354 -  S s u lp h o h e x o s u lo s e  ( S -D S H )  w ere  s y n t h e s i s e d  a s  d e s c r i b e d  
i n  C h a p te r  2 .
S c i n t i l l a t i o n  g r a d e  e th a n o la m in e  and  2 - e t h o x y e t h a n o l  w ere  p u r ­
c h a s e d  f rom  BDH.
S o lu e n e -3 5 0  t i s s u e  s o l u b i l i z e r ,  D im ilum e-30  l i q u i d  s c i n t i l l a t i o n
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c o c k t a i l ,  C a r b o - S o r b /P e r m a f lu o r  V s c i n t i l l a t i o n  s y s te m  and S p e c -C h e c -  
14C r a d i o  c a rb o n  s t a n d a r d  w ere  o b t a i n e d  from  P a c k a rd  I n s t r u m e n t s  LTD.
14 35 .C -  H exadecane and S -  d i o c t y l  s u l p h i d e  w ere  p u r c h a s e d  from
t h e  R a d io c h e m ic a l  C e n t r e .
A l l  t h e  o t h e r  c h e m ic a l s  m en t io n e d  i n  t h i s  c h a p t e r  w ere  p u rc h a s e d
from  BDH and t h e y  w ere  a l l  " A n a la r "  g r a d e .
4 . 2 . 2  A n im als
M ale W is t a r  a l b i n o  r a t s  and  CFl m ice from  t h e  U n i v e r s i t y  o f  S u r r e y  
B re e d in g  U n i t  w ere  u s e d  i n  t h e  e x p e r i m e n t s .  The a n im a ls  w ere  housed  
a t  22 + 1 °C w i t h  a  12 h o u r  l i g h t / d a r k  c y c l e ,  and w ere  a l lo w e d  f r e e  
a c c e s s  to  S p r a t t ’ s pow dered  d i e t  f o r  r o d e n t s  N° 2 ( S p r a t t ' s  L a b o r a t o r y  
S e r v i c e s )  and w a t e r .
4 . 2 . 3  E x c r e t i o n  p a t t e r n  o f  o r a l l y  a d m i n i s t e r e d  ^^C -  DSH
4 . 2 . 3 . 1  R a t s
T h re e  r a t s  (120 -  126 g body w t)  were g iv e n  a  s i n g l e  i n t r a - g a s t r i c  
d o se  o f  1 .7  g ^ ^ C -  DSH/Kg body wt ( 3 .5 2  ^ C i )  a s  an aqueous  s o l u t i o n .
F o l lo w in g  d o s in g ,  t h e  r a t s  were p l a c e d  s i n g l y  i n  a l l - g l a s s  me­
t a b o l i s m  c a g e s  ( J e n c o n  LTD).
A i r  was drawn th r o u g h  t h e  c a g e s  a t  a  r a t e  o f  200 m l/m in .  and 
e x h a le d  CO^ was t r a p p e d  i n  t h r e e  D r e s c h e l  b o t t l e s  e a c h  c o n t a i n i n g  200 
ml o f  e t h a n o l a m i n e / 2 - e t h o x y e t h a n o l  ( 1 : 4  v / v ) .
U r in e  and f a e c e s  w ere  c o l l e c t e d  i n  r e c e i v e r s  c o o le d  i n  i c e ,  and 
sam p led  a t  i n t e r v a l s  o f  6 ,  12 ,  2 4 ,  48 and  72 h a f t e r  d o s in g .
The m e ta b o l i s m  c a g e s  w ere  w ashed w i t h  d i s t i l l e d  w a te r  a f t e r  e a c h  
s a m p l in g  i n t e r v a l .  The i n d i v i d u a l  w a sh in g s  were d i l u t e d  to  50 m l, 
e x c e p t  t h e  w a s h in g s  c o r r e s p o n d in g  t o  t h e  72 h sa m p l in g  i n t e r v a l  w hich
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were d i l u t e d  t o  1 l i t r e .
72 h a f t e r  d o s in g ,  t h e  a n im a ls  were k i l l e d  by e x s a n g u i n a t i o n  
from  c a r d i a c  p u n c tu r e  u n d e r  e t h e r  a n a e s t h e s i a .  B lood was c o l l e c t e d  
i n  h e p a r i n i z e d  tu b e s  and t h e  p lasm a  s e p a r a t e d .  The c a r c a s s e s  were 
th e n  vacuum d r i e d  a t  70 °C, m inced  in  a  Spong 25 food  m in c e r  and 
f i n a l l y  g ro u n d  to  a  powder i n  a  hammer m i l l .
Sam ples  o f  t h e  CO^ t r a p  s o l u t i o n s ,  p la sm a ,  u r i n e ,  f a e c e s ,  cage  
w a sh in g s  and  g ro u n d  c a r c a s s e s  w ere  s t o r e d  a t  -40 °C u n t i l  r e q u i r e d  
f o r  f u r t h e r  w ork .
P r i o r  t o  d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y ,  t h e  f a e c a l  s a m p le s  w ere  
hom ogen ised  w i t h  d i s t i l l e d  w a te r  and  d i l u t e d  to  500 m l. The u r i n e  
sa m p le s  w ere  a l s o  d i l u t e d  to  50 ml w i t h  d i s t i l l e d  w a t e r .
P la sm a  sa m p le s  ( 0 .2  m l)  and f a e c a l  hom ogenate  sam p les  ( 0 . 2  m l)  
w ere  s o l u b i l i s e d  i n  1 ml o f  S o lu e n e -3 5 0  (P a c k a rd  I n s t r u m e n t s  LTD).
Ground c a r c a s s  s a m p le s  ( 0 . 1  g )  w ere  a l s o  s o l u b i l i s e d  i n  2 ml o f  S o l u e n e -  
350 . Sam ples  o f  s o l u b i l i s e d  p la sm a  ( 0 .4  m l) ,  f a e c a l  hom ogenates  ( 0 . 4  m l)  
and  g round  c a r c a s s e s  ( 0 .2  m l) ,  sam p les  o f  d i l u t e d  u r i n e  ( 0 .4  m l)  and 
c a g e  w a s h in g s  ( 0 .4  m l)  and  sam p les  o f  u n d i l u t e d  C0_ t r a p  s o l u t i o n s  
( 0 .1  m l)  w ere  e a c h  added  to  4 ml o f  D im ilum e-30  s c i n t i l l a t i o n  c o c k t a i l  
(P a c k a rd  I n s t r u m e n t s  LTD). R a d i o a c t i v i t y  was m easu red  i n  a  LKB 1210 
U l t r o b e t a  l i q u i d  s c i n t i l l a t i o n  c o u n t e r .
C o u n t in g  e f f i c i e n c i e s  were c h e ck e d  u s in g  20 /jlI  o f  ^^0 -  h e x a d e c a n e  
a s  an  i n t e r n a l  s t a n d a r d .
4 . 2 . 3 . 2  M ice
T h re e  m ice  (29  -  35 g body w t )  w ere  g iv e n  a  s i n g l e  i n t r a - g a s t r i c  
d ose  o f  2 . 1  g -  DSH/Kg body w t ( 1 .1 8  ^ C i )  a s  an  a q ueous  s o l u t i o n .
F o l lo w in g  d g s i n g ,  t h e  m ice w ere  p l a c e d  s i n g l y  i n  a l l - g l a s s  m e ta b ­
o l i s m  c a g e s  ( U n i v e r s i t y  o f  S u r r e y  G la s s  B lowing U n i t ) .
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The e x p e r i m e n t a l  p r o t o c o l  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 3 . 1  f o r  th e  
c o l l e c t i o n  and d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  i n  u r i n e ,  f a e c e s  and 
g round  c a r c a s s e s  was f o l l o w e d  b u t  w i t h o u t  p r o v i s i o n  f o r  t r a p p i n g  
e x h a le d  CO2 '
The p r o t o c o l  f o r  t h e  d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  i n  p lasm a  
was m o d i f ie d  a s  f o l l o w s :  s a m p le s  o f  p lasm a  ( 0 .0 5  m l)  were s o l u b i l i s e d  
i n  0 . 2  ml o f  S o lu e n e -3 5 0  (P a c k a rd  I n s t r u m e n t s  LTD). The r a d i o a c t i v i t y  
i n  t h e  s a m p le s  o f  s o l u b i l i s e d  p lasm a  ( 0 .1  m l)  was t h e n  d e te r m in e d  a s  
d e s c r i b e d  i n  S e c t i o n  4 . 2 . 3 . 1 ,
354 . 2 . 4  E x c r e t i o n  p a t t e r n  o f  o r a l l y  a d m i n i s t e r e d  S -  DSH
4 . 2 . 4 . 1  R a t s
Two r a t s  (144 -  148 g body w t )  w ere  g iv e n  a  s i n g l e  i n t r a - g a s t r i c  
35d o se  o f  6 .5  g S -  DSH/Kg body wt ( 4 .3  ^ C i )  a s  an  aq u e o u s  s o l u t i o n .  .
The e x p e r i m e n t a l  p r o t o c o l  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 3 . 1  f o r  th e  
c o l l e c t i o n  and  d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  i n  p la s m a ,  u r i n e ,  f a e c e s  
and  g ro u n d  c a r c a s s e s  was fo l lo w e d  b u t  w i t h o u t  p r o v i s i o n  f o r  t r a p p i n g  
e x h a le d  CO2 .
4 . 2 . 4 . 2  Mice
Two m ice  (41 -42  g body w t)  w ere  g iv e n  a  s i n g l e  i n t r a - g a s t r i c  
35d o se  o f  1 0 .7  g S -  DSH/Kg body wt ( 2 . 1 5 / / C i )  a s  a n  a q u e o u s  s o l u t i o n .
The e x p e r i m e n t a l  p r o t o c o l  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 3 . 2  f o r  th e  
c o l l e c t i o n  a n d  d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  i n  p la s m a ,  u r i n e ,  f a e c e s  
and  g ro u n d  c a r c a s s e s  was f o l l o w e d .
4 . 2 . 5  . Time c o u r s e  o f  a b s o r p t i o n  and  d i s t r i b u t i o n  i n  b lo o d  an d  t i s s u e s
T4o f  o r a l l y  a d m i n i s t e r e d  C -  DSH
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4 . 2 . 5 . 1  R ats
A g ro u p  o f  27 r a t s  (80 -  95 g body w t)  w ere  g iv e n  s i n g l e  i n t r a -  
g a s t r i c  d o s e s  o f  1 .6  g DSH/Kg body wt ( 2 .3  ^ C i )  a s  an  aqueous
s o l u t i o n .
T h re e  a n im a ls  from  th e  g ro u p  w ere  k i l l e d  by e x s a n g u i n a t i o n  from  
c a r d i a c  p u n c tu r e  u n d e r  e t h e r  a n a e s t h e s i a  a t  i n t e r v a l s  o f  0 . 2 5 ,  0 . 5 ,  1 , 
2 ,  4 ,  6 , 12 ,  18 and  24 h a f t e r  d o s in g .
P la sm a  sa m p le s  w ere  c o l l e c t e d  and  t h e  r a d i o a c t i v i t y  d e te r m in e d  
a s  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 3 . 1 .
The c a r c a s s e s  w ere  t h e n  d i s s e c t e d  and s e l e c t e d  o r g a n s  w ere  t a k e n  
and  f r e e z e - d r i e d  i n  a  V i r t i s  f r e e z e  - d r i e r .  Sam ples  o f  t h e  f r e e z e -  
d r i e d  t i s s u e s  ( 0 .0 1  -  0 .0 5  g )  w ere  o x i d i s e d  i n  a  P a c k a rd  306 T r i - C a r b  
sam ple  o x i d i z e r  ( C o u r te s y  o f  BIBRA) u s in g  C a r b o - S o r b /P e r m a f lu o r  V 
s c i n t i l l a n t  s y s te m  (P a c k a rd  I n s t r u m e n t s  LTD).
R a d i o a c t i v i t y  was m easu red  in  a  P a c k a rd  T r i - C a r b  2650 l i q u i d  
s c i n t i l l a t i o n  s p e c t r o m e t e r  u s in g  programmed quench  c o r r e c t i o n  c u r v e s .
R e c o v e r i e s  w ere  m o n i to re d  w i t h  S pec-C hec-^^C  (P a c k a rd  I n s t r u m e n t s
LTD).
4 . 2 . 5 . 2  Mice
A g ro u p  o f  27 m ice (30 -  45 g body w t)  w ere  g iv e n  s i n g l e  i n t r a -  
g a s t r i c  d o s e s  o f  1 .8  g ^*^C -  DSH/Kg body wt ( 1 . 1 3 / / C i )  a s  an  aqueous  
s o l u t i o n .
The e x p e r i m e n t a l  p r o t o c o l  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 5 . 1  f o r  t h e  
c o l l e c t i o n  and  d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  o f  p lasm a  and  t i s s u e  
sa m p le s  was f o l l o w e d ,  w i t h  t h e  m o d i f i c a t i o n  d e t a i l e d  i n  S e c t i o n  4 . 2 . 3 . 2  
f o r  r a d i o a c t i v i t y  d e t e r m i n a t i o n  i n  p la s m a .
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4 ' 2 . 6  Time c o u r se  o f  a b s o r p t io n  and d i s t r i b u t i o n  in  blood o f
35o r a l l y  a d m i n i s t e r e d  S -D S H
4 . 2 . 6 . 1  R a t s
A g ro u p  o f  s i x  r a t s  (67 -  73 g body w t )  were g iv e n  s i n g l e  i n t r a -  
g a s t r i c  d o s e s  o f  7 .1  g ^^S -  DSH/Kg body wt ( 1 .9 4  %Ci) a s  an aqueous  
s o l u t i o n .
T h re e  a n im a ls  from  t h e  g ro u p  were k i l l e d  by e x s a n g u i n a t i o n  from  
c a r d i a c  p u n c tu r e  u n d e r  e t h e r  a n a e s t h e s i a  a t  i n t e r v a l s  o f  0 . 5  and  1 h 
a f t e r  d o s in g .
P lasm a  sa m p le s  w ere  c o l l e c t e d  and th e  r a d i o a c t i v i t y  d e te r m in e d  
a s  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 3 . 1 ,  e x c e p t  t h a t  ^^S - d i o c t y l  s u l p h i d e
(20 ^ 1 )  was u s e d  a s  t h e  i n t e r n a l  s t a n d a r d .
4 . 2 . 6 . 2  M ice
A g ro u p  o f  f i v e  m ice (34 -  40 g body w t)  w ere  g iv e n  s i n g l e  i n t r a -
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g a s t r i c  d o s e s  o f  6 .8  g S -  DSH/Kg body wt ( 0 .9 7  ^ C i )  a s  an a q ueous  
s o l u t i o n .
T h re e  a n im a ls  from  th e  g ro u p  were k i l l e d  by e x s a n g u i n a t i o n  from  
c a r d i a c  p u n c tu r e  u n d e r  e t h e r  a n a e s t h e s i a  a t  0 .2 5  h a f t e r  d o s i n g .  The 
r e m a in in g  two a n im a ls  w ere  s i m i l a r l y  k i l l e d  a t  0 . 5  h a f t e r  d o s i n g .
P la sm a  sa m p le s  w ere  c o l l e c t e d  and  th e  r a d i o a c t i v i t y  d e te r m in e d  
a s  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 3 . 2 ,  e x c e p t  t h a t  S — d i o c t y l  s u l p h i d e
(20 /4 l)  was u s e d  a s  t h e  i n t e r n a l  s t a n d a r d .
4 . 2 . 7  D e t e r m in a t io n  o f  c o v a l e n t l y  bound ^^C.- DSH i n  p lasm a
4 . 2 . 7 . 1  R a t s
P la sm a  sa m p le s  o f  r a t s  k i l l e d  2 h a f t e r  a s i n g l e  o r a l  d ose  o f
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1 .6  g - DSH/Kg body wt ( 2 .3  yMCi) were p r e p a r e d  f o r  d e t e r m i n a t i o n  
o f  c o v a l e n t l y  bound r a d i o a c t i v i t y  by th e  method o f  S i e k e v i t z  (1 9 5 2 ) .
Sam ples  o f  p lasm a  ( 0 . 9  m l)  w ere  d i l u t e d  w i t h  1 ml o f  d i s t i l l e d  
w a t e r ,  f o l l o w e d  by a d d i t i o n  o f  2 ml o f  10% t r i c h l o r o a c e t i c  a c i d  (TCA).
The p r o t e i n  p r e c i p i t a t e  was c e n t r i f u g e d ,  a t  823 g , i n  a  Beckman 
J - 6  c e n t r i f u g e  and  t h e  s u p e r n a t a n t  d e c a n t e d .
The p r o t e i n  p r e c i p i t a t e  was th e n  r e s u s p e n d e d  i n  2 ml o f  4% TCA ‘ 
and c e n t r i f u g e d  and  d e c a n te d  t w i c e .  T h is  p r o c e s s  was c a r r i e d  o u t  
once  w i t h  h o t  (90 °C )  TCA.
The p r o t e i n  p r e c i p i t a t e  was w ashed once  w i t h  95% e t h a n o l ,  tw ic e  
w i t h  2 : 2 : 1  v / v  e t h a n o l / e t h e r / c h l o r o f o r m ,  once  w i t h  e t h e r  and  th e n  
th e  p r o t e i n  p r e c i p i t a t e  was a i r  d r i e d .
The d r i e d  p r o t e i n  was s o l u b i l i s e d  i n  3 ml o f  S o lu e n e -3 5 0  ( P a c k a rd
I n s t r u m e n t s  LTD).
Sam ples  o f  t h e  s o l u b i l i s e d  p r o t e i n  ( 0 .4  m l)  w ere  added  t o  4 ml 
o f  D im ilum e-30  s c i n t i l l a t i o n  c o c k t a i l  (P a c k a rd  I n s t r u m e n t s  LTD).
R a d i o a c t i v i t y  was m easu red  i n  a LKB 1210 U l t r o b e t a  l i q u i d
s c i n t i l l a t i o n  c o u n t e r  u s in g  ^^C -  h e x a d ec a n e  (20 /^ l)  a s  t h e  i n t e r n a l  
s t a n d a r d .
4 . 2 . 7 . 2  M ice
. Sam ples  o f  p lasm a  o f  m ice ( 0 .1 5  m l)  k i l l e d  2 h a f t e r  d o sa g e  w i t h
1 .8  g ^^C -  DSH/Kg body wt ( 1 .1 3  jyCi) w ere  p r e p a r e d  f o r  c o v a l e n t l y
bound r a d i o a c t i v i t y  d e t e r m i n a t i o n  by a  s c a l e d  down p r o c e d u r e  ( 1 /1 0 )  
o f  t h e  m ethod d e s c r i b e d  i n  S e c t i o n  4 . 2 . 7 . 1 .
The p r e c i p i t a t e d  p la sm a  p r o t e i n s  w ere  s o l u b i l i s e d  i n  0 . 4  ml o f
S o lu e n e -3 5 0  ( P a c k a rd  I n s t r u m e n t s  LTD), f o l lo w e d  by a d d i t i o n  o f  4 ml
o f  D im ilum e-30  s c i n t i l l a t i o n  c o c k t a i l  (P a c k a rd  I n s t r u m e n t s  LTD) and
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d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  a s  p r e v i o u s l y  d e s c r i b e d  ( S e c t i o n  
4 . 2 . 7 . 1 ) .
4 . 2 . 8  C h rom atog raphy  o f  u r i n a r y  m e t a b o l i t e s  o f  o r a l l y  a d m i n i s t e r e d  
14C -  DSH i n  r a t s  and  m ice
Sam ples  o f  r a t  and  mouse u r i n e  f rom  th e  e x c r e t i o n  s t u d i e s  ( S e c t i o n
4 . 2 . 3 . 1  and  4 . 2 . 3 . 2 )  c o l l e c t e d  a t  i n t e r v a l s  o f  6 and 72 h a f t e r  d o s in g  
were c h ro m a to g ra p h e d  on G1500 LS 254 s i l i c a  g e l  TLC p l a t e s  ( S c h l e i c h e r  
and S c h u l l )  u s i n g  e t h a n o l / 0 . 8 8  am m on ia /w a ter  ( 6 : 1 : 1  v / v )  a s  e l u e n t  
( L in d b e r g  e t  a l ,  1 9 6 4 ) .
S am ples  o f  u r i n e  c o l l e c t e d  72 h a f t e r  d o s in g  w ere  s p ik e d  w i t h  
20 j^l ( 0 .3 5  %Ci) o f  a  s o l u t i o n  c o n t a i n i n g  1 .0 5  g -  DSH/ml and  
c h ro m a to g ra p h e d  a l o n g s i d e  t h e  u n t r e a t e d  u r i n e  sam p les  a s  d e s c r i b e d  a b o v e .
S p o t s  c o r r e s p o n d in g  to  DSH were v i s u a l i s e d  by s p r a y i n g  t h e  d e ­
v e lo p e d  p l a t e s  w i t h  a l k a l i n e  p o t a s s iu m  p e rm a n g a n a te  ( 0 .5  g KMnO^/100 ml 
1 M NaOH), f o l lo w e d  by h e a t i n g  a t  100 °C f o r  10 m in u te s  (Hay _et a l ,
1 9 6 3 ) .  DSH a p p e a r e d  a s  y e l l o w  s p o t s .
S am ples  o f  s a t u r a t e d  s o l u t i o n s  o f  c a lc iu m  o x a l a t e  w ere  a l s o  
c h ro m a to g ra p h e d  a s  d e s c r i b e d  a b o v e .
S p o t s  c o r r e s p o n d in g  to  o x a l a t e  w ere  v i s u a l i s e d  u s in g  g l u c o s e -  
a n i l i n e  s p r a y  r e a g e n t  (20 ml 10% aq u e o u s  g l u c o s e / 20 ml 10% e t h a n o l i c  
a n i l i n e ,  m ixed and  d i l u t e d  t o  100 ml w i t h  n - b u t a n o l )  (Schw eppe, 1 9 5 4 ) .  
O x a la te  a p p e a r e d  a s  brown s p o t s .
U r i n a r y  m e t a b o l i t e s  l a b e l l e d  w i t h  were d e t e c t e d  by th e
u s e  o f  a  LB 27223 B e r th o l d  D i in n s c h ic h t - S c a n n e r  l l .
4 .3  R e s u l t s
144 . 3 . 1  E x c r e t i o n  p a t t e r n  o f  o r a l l y  a d m i n i s t e r e d  ~ C ~DSH i n  r a t s  
The e x c r e t i o n  o f  r a d i o a c t i v i t y  f o l l o w i n g  a d m i n i s t r a t i o n  o f  a
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s i n g l e  i n t r a - g a s t r i c  dose  o f  1 .7  g -  DSH/Kg body wt to  r a t s  i s
shown in  F i g u r e  4 - 1 .
I t  c a n  be o b s e rv e d  t h a t  a p p r o x im a te ly  73% o f  t h e  a d m i n i s t e r e d  
d o se  was e x c r e t e d  i n  t h e  f a e c e s  m a in ly  i n  t h e  f i r s t  24 h .  T h i s  f i g ­
u r e  i s  p o s s i b l y  an  u n d e r e s t i m a t e  o f  t h e  f a e c a l  e x c r e t i o n  s i n c e  much 
o f  t h e  6% o f  t h e  r a d i o a c t i v i t y  fou n d  i n  t h e  c a g e  w a sh in g s  i n  l i k e l y  
t o  have  r e s u l t e d  from  f a e c a l  c o n t a m i n a t i o n .
U r i n a r y  e x c r e t i o n  a c c o u n te d  f o r  a p p r o x im a te ly  16.5% o f  t h e  d o s e ,  
a g a in  m a in ly  i n  t h e  f i r s t  24 h .
No r a d i o a c t i v i t y  was d e t e c t e d  i n  e x p i r e d  a i r  and  r e s i d u a l  l e v e l s  
o f  a c t i v i t y  i n  p lasm a  and c a r c a s s  a f t e r  72 h were l e s s  th a n  0.1% o f  
th e  a d m i n i s t e r e d  d o s e .
R e c o v e r i e s  o f  a c t i v i t y  o f  a p p r o x im a te ly  95% were o b t a i n e d  i n  t h e  
72 h c o l l e c t i o n  p e r i o d .
4 . 3 . 2  E x c r e t i o n  p a t t e r n  o f  o r a l l y  a d m i n i s t e r e d  -  DSH i n  m ice
The e x c r e t i o n  o f  r a d i o a c t i v i t y  f o l l o w i n g  a d m i n i s t r a t i o n  o f  a  
s i n g l e  i n t r a - g a s t r i c  d o se  o f  2 .1  g -  DSH/Kg body wt to  m ice  i s
shown i n  F i g u r e  4 - 2 .
The e x c r e t i o n  p a t t e r n  o b s e rv e d  i n  m ice was e s s e n t i a l l y  s i m i l a r  
to  t h a t  i n  r a t s  w i th  m ost q f  t h e  d o se  b e in g  found  i n  f a e c e s  p l u s  c a g e  
w a sh in g s  i n  t h e  f i r s t  24 h .  However, u r i n a r y  e x c r e t i o n  was somewhat 
h i g h e r  i n  m ice and 29% o f  t h e  r a d i o a c t i v i t y  was e l i m i n a t e d  i n  t h e  u r i n e ,
R e s i d u a l  a c t i v i t y  i n  p lasm a  and  c a r c a s s  was im m ea su rab ly  low 72 h 
a f t e r  d o s i n g .
R e c o v e r i e s  o f  a c t i v i t y  o f  a p p r o x i m a t e ly  91% w ere  o b t a i n e d  i n  t h e  
72 h c o l l e c t i o n  p e r i o d .
354 . 3 . 3  E x c r e t i o n  p a t t e r n  o f  o r a l l y  a d m i n i s t e r e d  ' S -  DSH i n  r a t s
The e x c r e t i o n  o f  r a d i o a c t i v i t y  f o l l o w i n g  a d m i n i s t r a t i o n  o f  a
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s i n g l e  i n t r a - g a s t r i c  dose o f . 6 . 5  g -  DSH/Kg body wt ( 4 . 3  i |C i)  to
r a t s  i s  shown i n  F ig u r e  4 - 3 .
35I n  th e  s t u d i e s  on e x c r e t i o n  o f  S -D S H  i n  r a t s ,  t h e  a n im a ls  
d e v e lo p e d  a  m i l d ,  t r a n s i e n t  d i a r r h o e a  and c o n ta m in a t io n  o f  t h e  c a g e s  
w i th  i l l - f o r m e d  f a e c e s  i n  t h e  f i r s t  12 h o f  c o l l e c t i o n  a c c o u n t s  f o r  
t h e  l a r g e  am ount o f  r a d i o a c t i v i t y  (33%) in  th e  cage  w a s h in g s .
The p a t t e r n  o f  e x c r e t i o n  a p p e a r e d  t o  be s i m i l a r  to  t h a t  o b t a i n e d  
w i t h  -  DSH ( S e c t i o n  4 . 3 . 1 ) .
R e c o v e r i e s  o f  a c t i v i t y  a p p ro x im a te d  t o  100% i n  t h e  72 h c o l l e c ­
t i o n  p e r i o d .
R e s i d u a l  a c t i v i t y  i n  p lasm a  and  c a r c a s s  was im m easu rab ly  low 
72 h a f t e r  d o s i n g .
354 . 3 . 4  E x c r e t i o n  p a t t e r n  o f  o r a l l y  a d m i n i s t e r e d  S -  DSH i n  m ice
The e x c r e t i o n  o f  r a d i o a c t i v i t y  f o l l o w i n g  a d m i n i s t r a t i o n  o f  a
35s i n g l e  i n t r a - g a s t r i c  d o se  o f  1 0 .7  g S -  DSH/Kg body wt ( 2 .1 5  %Ci) 
t o  m ice i s  shown i n  F ig u r e  4 - 4 .
35A p a t t e r n  o f  e x c r e t i o n  s i m i l a r  t o  t h a t  found  w i t h  S -  DSH i n  
r a t s  ( S e c t i o n  4 . 3 . 3 )  was o b t a i n e d  w i t h  l a r g e  am ounts o f  r a d i o a c t i v i t y  
i n  t h e  c a g e  w a s h in g s  (22%) i n  t h e  f i r s t  12 h .
R e c o v e r i e s  o f  a c t i v i t y  a p p ro x im a te d  t o  100% i n  t h e  72 h c o l ­
l e c t i o n  p e r i o d .
R e s i d u a l  a c t i v i t y  i n  p lasm a and  c a r c a s s  was im m ea su rab ly  low 
72 h a f t e r  d o s i n g .
4 . 3 . 5  Time c o u r s e  o f  a b s o r p t i o n  and  d i s t r i b u t i o n  i n  b lo o d  o f
• 3 5
o r a l l y  a d m i n i s t e r e d  C -  DSH and S -  DSH. i n  r a t s  and  m ice
D e t e r m in a t io n  o f  p lasm a  l e v e l s  o f  r a d i o a c t i v i t y  a f t e r  a d m i n i s ­
t r a t i o n  o f  ^^C -D S H  o r  ^^S -D S H  t o  r a t s  and  m ice (T a b le  4 - 1 )  i n d i -
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14G ated  t h a t  o n ly  low p lasm a  c o n c e n t r a t i o n s  o f  C -  DSH were a c h ie v e d  
and  t h e s e  peaked  r a p i d l y ,  r e a c h i n g  a  maximum w i t h i n  1 h i n  r a t s  and 
w i t h i n  0 . 5  h i n  m ic e .
14P la sm a  c o n c e n t r a t i o n s  o f  C - DSH f e l l  t o  u n d e t e c t a b l e  l e v e l s
w i t h i n  12 h i n  r a t s  and w i t h i n  18 h i n  m ic e .
35The l i m i t e d  e x p e r im e n t s  w i t h  S - DSH a p p e a r e d  to  g iv e  r e s u l t s  
14s i m i l a r  to  t h a t  o f  C - DSH.
144 . 3 . 6  C o v a l e n t l y  bound C -  DSH i n  p lasm a  o f  r a t s  and  m ice
No c o v a l e n t l y  bound r a d i o a c t i v i t y  was d e t e c t e d  i n  p la sm a  o f  r a t s  
o r  m ice  2 h a f t e r  d o sa g e  w i t h  1 .6  g -DSH/Kg body wt ( 2 . 3  p C i )  o r
1 .8  g -  DSH/Kg body w t ( 1 .1 3  % C i) ,  r e s p e c t i v e l y .
4 . 3 . 7  Time c o u r s e  o f  a b s o r p t i o n  and  d i s t r i b u t i o n  i n  t i s s u e s  o f
14o r a l l y  a d m i n i s t e r e d  C - DSH i n  r a t s  and  m ice
. The l e v e l s  o f  r a d i o a c t i v i t y  o b s e rv e d  i n  v a r i o u s  o r g a n s  a f t e r  a d ­
m i n i s t r a t i o n  o f  s i n g l e  i n t r a - g a s t r i c  d o s e s  o f  1 . 6  g ^ ^ C - DSH/Kg body 
wt ( 2 . 3  /nCi) t o  r a t s  and  1 .8  g ^^0 -  DSH/Kg body wt ( 1 .1 3  # C i )  to  m ice 
a r e  shown i n  T a b le  4 -2  and T a b le  4 - 3 .
I n  b o th  s p e c i e s  m ost o f  t h e  a c t i v i t y  was a s s o c i a t e d  w i t h  th e  
g a s t r o i n t e s t i n a l  t r a c t  a n d  was c l e a r e d  r a p i d l y  w i t h  o n l y  low l e v e l s  
b e in g  fou n d  a f t e r  24 h .  L e v e l s  o f  r a d i o a c t i v i t y  i n  o t h e r  o r g a n s  
w ere  low w i t h  t h e  h i g h e s t  l e v e l s  b e in g  o b s e rv e d  i n  t h e  l i v e r ,  k id n e y  
and p a n c r e a s .
W ith  t h e  e x c e p t i o n  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  t i s s u e  c o n ­
c e n t r a t i o n s  o f  r a d i o a c t i v i t y  g e n e r a l l y  r e a c h e d  a  maximum b e tw een  0 .2 5  
and 0 .‘5 h  a f t e r  d o s in g  and  f e l l  t o  low l e v e l s  o v e r  t h e  24 h c o l l e c t i o n  
p e r i o d  w i t h  no e v id e n c e  o f  d e la y e d  c l e a r a n c e  from  any o f  t h e  o r g a n s  
ex am in ed .
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4 . 3 . 8  C hrom atog raphy  o f  u r i n a r y  m e t a b o l i t e s  o f  o r a l l y  a d m i n i s t e r e d ' 
14C - DSH i n  r a t s  and  m ice
C h ro m a to g ra p h ic  e x a m in a t io n  o f  u r i n e  o f  r a t s  and  m ice  g iv e n  a
s i n g l e  i n t r a - g a s t r i c  d o se  o f  1 .7  g "^^ C -  DSH/Kg body wt ( 3 .5 2  ^ C i )
14o r  2 .1  g C -  DSH/Kg body wt ( 1 .1 8  jq C i) ,  r e s p e c t i v e l y ,  c o l l e c t e d  
6 h and 72 h a f t e r  d o s in g  r e v e a l e d  two r a d i o a c t i v e l y  l a b e l l e d  bands  
w i t h  s i m i l a r  R„ v a l u e s  ( 0 .4 4  -  0 . 5 4 )  t o  t h o s e  o f  ^"^C-DSH d i s s o l v e d  
i n  72 h s p ik e d  u r i n e  ( 0 .4 1  -  0 . 5 5 ) .
The two bands  i n  t h e  72 h s p ik e d  u r i n e  a r e  b e l i e v e d  t o  c o r r e s p o n d  
to  t h e  two t a u t o m e r i c  fo rm s i n  w h ich  DSH c an  e x i s t  ( L in d b e r g  e t  a l ,
1 9 6 4 ) .
T h e re  was no e v id e n c e  o f  r a d i o a c t i v e l y  l a b e l l e d  m e t a b o l i t e s  
o t h e r  th a n  t h e  s t a r t i n g  m a t e r i a l  i n  e i t h e r  s p e c i e s .
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F igu re  4 -1  E x c r e t io n  o f  r a d i o a c t i v i t y  by r a t s  g iv e n  a s i n g l e
i n t r a - g a s t r i c  d o se  o f  1 .7  g -  DSH/Kg body wt
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F igu re  4 -2  E x c r e t io n  o f  r a d i o a c t i v i t y  by mice g iv e n  a s i n g l e
i n t r a - g a s t r i c  dose  o f  2 .1  g -  DSH/Kg body wt
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F igure  4 -3  E x c r e t io n  o f  r a d i o a c t i v i t y  by r a t s  g iv e n  a s i n g l e
■ '35i n t r a - g a s t r i c  do se  o f  6 .5  g S -  DSH/Kg body wt
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F ig u r e  4 -4  E x c r e t i o n  o f  r a d i o a c t i v i t y  by m ice g iv e n  a s i n g l e
■ 3 5i n t r a - g a s t r i c  dose  o f  1 0 .7  g S -  DSH/Kg body wt
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4 .4  Di s c u s s i o n
The r e s u l t s  o b t a i n e d  i n  t h e  e x c r e t i o n  p a t t e r n  s t u d i e s  o f  -  DSH 
( F ig u r e  4 -1  and  4 - 2 )  i n d i c a t e  t h a t ,  a t  t h e  do se  l e v e l s  u s e d ,  i n t r a -  
g a s t r i c a l l y  a d m i n i s t e r e d  DSH i s  i n c o m p le t e ly  a b s o rb e d  in  b o th  r a t s  and 
m ic e .
The p r o p o r t i o n  o f  DSH w hich  was a b s o rb e d  was r a p i d l y  c l e a r e d  i n  
t h e  u r i n e  i n  b o th  s p e c i e s .
The a b s e n c e  o f  -  CO^ i n  t h e  e x p i r e d  a i r  o f  r a t s  i n d i c a t e s  t h a t  
t h e  c a rb o n  c h a in  i n  DSH i s  n o t  d e g ra d e d  to  p r o d u c t s  w hich  can  e n t e r  
pa thw ays  o f  i n t e r m e d i a r y  m e ta b o l i s m .  T h is  c o n c lu s i o n  i s  s u p p o r t e d  
by t h e  good r e c o v e r i e s  i n  u r i n e  and f a e c e s  (95% and  91% f o r  r a t s  o r  
m ic e ,  r e s p e c t i v e l y )  o b t a i n e d  i n  t h e  72 h c o l l e c t i o n  p e r i o d s ,  and  th e  
a b s e n c e  o f  -  l a b e l l e d  m e t a b o l i t e s  su c h  a s  u r e a  i n  t h e  u r i n e .
The s i m i l a r  p a t t e r n s  o f  e x c r e t i o n  o b t a i n e d  a f t e r  d o s in g  r a t s  o r
m ice  w i t h  ^^C -D SH  o r  ^ ^ S -D S H  a l s o  s u g g e s t  t h a t  DSH i s  n o t  b ro k en  
35down l i b e r a t i n g  S i n t o  t h e  body s u lp h u r  p o o l .
The c h ro m a to g r a p h ic  e v id e n c e  ( S e c t i o n  4 . 3 . 8 )  t h a t  t h e  u r i n a r y  
a c t i v i t y  a p p e a r e d  to  be a s s o c i a t e d  o n ly  w i th  unchanged  -  DSH a l s o
p o i n t s  t o  t h e  m e t a b o l i c  i n e r t n e s s  o f  DSH i n  b o th  s p e c i e s .
No e v id e n c e  was o b t a i n e d  i n  t h e  c h ro m a to g r a p h ic  s t u d i e s  f o r  t h e  
p r e s e n c e  o f  D S H -der ived  o x a l a t e  i n  t h e  u r i n e  o f  r a t s  o r  m ic e .  The 
a e t i o l o g y  o f  f o r m a t i o n  o f  t h e  u r i n a r y  b l a d d e r  o x a l a t e  c a l c u l i  o b s e r v e d  
i n  m ice  i n  t h e  90 -d ay  s tu d y  ( C h a p te r  3 )  does  n o t  seem to  be a s s o c i a t e d  
w i t h  a  m e t a b o l i c  breakdow n o f  t h e  m o le c u le  o f  DSH.
The s tu d y  o f  a  p o s s i b l e  i n t e r f e r e n c e  o f  DSH w i t h  t h e  n o rm a l  m e ta ­
b o l i c  pa thw ay  o f  a s c o r b i c  a c i d ,  a s  p ro p o se d  i n  C h a p te r  3 ,  w i l l  r e q u i r e  
t h e  e x p e n d i t u r e  o f  f u r t h e r  r e s e a r c h  e f f o r t .
S t u d i e s  on ,the a b s o r p t i o n ,  p lasm a  c o n c e n t r a t i o n s  and, t i s s u e  d i s -
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14t r i b u t i o n  o f  o r a l l y  a d m i n i s t e r e d  C-  DSH i n  r a t s  and  m ice (T a b le  
4 - 1 ,  4 -2  and 4 - 3 )  r e v e a l e d  t h a t  peak  l e v e l s  o f  r a d i o a c t i v i t y  i n  p lasm a  
were r e a c h e d  i n  a s h o r t  t im e  a f t e r  d o s in g  i n  r a t s  ( 0 . 5  h )  and m ice 
( 0 .2 5  h ) . P la sm a  l e v e l s  o f  r a d i o a c t i v i t y  s u b s e q u e n t ly  f e l l  w h i l e  a  
s u b s t a n t i a l  amount o f  r a d i o a c t i v i t y  s t i l l  r e m a in e d  i n  t h e  lo w e r  g u t  
i n  b o th  s p e c i e s .  T h i s  s u g g e s t s  t h a t  a b s o r p t i o n  o f  -  DSH p r o b a b ly  
o n ly  o c c u r r e d  f rom  t h e  s tom ach  and u p p e r  s m a l l  i n t e s t i n e  w here t h e  
p r e v a l e n t  a c i d i c  to  m ild  a l k a l i n e  c o n d i t i o n s  f a v o u r e d  th e  e x i s t e n c e  
o f  t h e  n o n - i o n i z e d  fo rm  o f  ^ ^ C -D S H . T h is  fo rm  o f  DSH would be 
a b s o rb e d  more r e a d i l y  on th e  b a s i s  o f  t h e  p H - p a r t i t i o n  h y p o t h e s i s  
(S h o re  _et 1 9 5 7 ) .
I t  i s  a l s o  c o n s i d e r e d  o f  i n t e r e s t  t o  n o t i c e  t h a t  t h e  s p e c i a l i z e d  
t r a n s p o r t  s y s te m s  f o r  t h e  a b s o r p t i o n  o f  s u g a r s  o f  t h e  mammalian g a s t r o ­
i n t e s t i n a l  t r a c t  a r e  su p p o sed  to  p o s s e s s  a c e r t a i n  d e g r e e  o f  f l e x i b i l ­
i t y  i n  t h e i r  s p e c i f i c i t y ,  a s  i n  t h e  c a s e  o f  g l u c o s e  and  g a l a c t o s e  
(C ra n e ,  1 9 6 0 ) ,  a l t h o u g h  more r e c e n t  i n v e s t i g a t i o n s  s u g g e s t  t h e  e x i s t e n c e  
o f  m u l t i p l e  fo rm s o f  c a r r i e r - m e d i a t e d  t r a n s p o r t  sy s te m s  f o r  t h o s e  s u g a r s  
(Debnam and  L e v i n ,  1 9 7 6 ) .  I t  i s  n o t  p o s s i b l e  a t  t h i s  s t a g e  t o  d e t e r ­
mine w h e th e r  a b s o r p t i o n  o f  DSH o c c u r s  v i a  an  a c t i v e  o r  a  p a s s i v e  
m echanism .
The r e s u l t s  f rom  t h e -  p lasm a c o v a le n t l y - b o u n d  ^^C -D SH  s t u d i e s  
i n  r a t s  and  m ice ( S e c t i o n  4 . 3 . 6 )  i n d i c a t e  t h a t  once  DSH i s  a b s o r b e d ,  
i t  c i r c u l a t e s  i n  t h e  b lo o d  in  a f r e e ,  unbound fo rm .
H ig h ly  i o n i z e d  s u b s t a n c e s ,  su c h  a s  DSH, a r e  n o r m a l ly  l i m i t e d  to  
t h e  e x t r a c e l l u l a r  f l u i d  i n  t h e i r  d i s t r i b u t i o n  a f t e r  a b s o r p t i o n ,  s i n c e  
t h e y  a r e  n o t  s u i t a b l e  f o r  s im p le  d i f f u s i o n  a c r o s s  t h e  l i p i d  c e l l  mem­
b ra n e s -  ( A r ie n s  ^  1 9 7 6 ) .  The b l o o d - b r a i n  b a r r i e r  and  th e  b lo o d -
c e r e b r o s p i n a l  f l u i d  b a r r i e r  a r e  a l s o  l i p i d  b a r r i e r s  t h a t  l i m i t  t h e
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p a s s a g e  o f  su c h  s u b s t a n c e s  b u t  c e r t a i n  p a r t s  o f  t h e  b r a i n ,  nam ely  th e  
p i t u i t a r y ,  th e  a r e a  p o s tre m a  and t h e  i n t e r c o l u m n a r  t u b e r c l e ,  a r e  p e r ­
m eab le  to  p o l a r  m o le c u le s  ( P a r k e ,  1 9 6 8 ) .  N a t u r a l  s u b s t r a t e s  su c h  a s  
amino a c i d s  and  s u g a r s  a r e  t r a n s f e r r e d  a c r o s s  t h e  b a r r i e r s  by a c t i v e  
t r a n s p o r t ,  and  compounds s u f f i c i e n t l y  s i m i l a r  t o  t h e  n a t u r a l  s u b s t r a t e s  
may be t r a n s f e r r e d  by th e  same m echan ism s.
A u t o r a d i o g r a p h i c  t e c h n i q u e s  may be u se d  to  d e te r m in e  w h e th e r  a b ­
s o rb e d  DSH c an  e n t e r  t h e  i n t r a c e l l u l a r  f l u i d  o f  r a t s  and mice i n  v ie w  
o f  t h e  p r e s e n c e  o f  r a d i o a c t i v i t y  i n  t h e  b r a i n  i n  b o th  s p e c i e s  (T a b le  
4 - 2 ,  4 - 3 ) .
. T h e re  was a l s o  e v id e n c e  i n  t h e  p lasm a  l e v e l  s t u d i e s  (T a b le  4 - 1 )  
t h a t  c l e a r a n c e  o f  DSH by t h e  k id n e y  o f  t h e  r a t s  and m ice m ust have  been  
v e r y  r a p i d  s i n c e  a l t h o u g h  a b o u t  16% o f  t h e  do se  was e l i m i n a t e d  i n  u r i n e  
i n  r a t s  and  a b o u t  29% i n  m ic e ,  p lasm a  l e v e l s  o f  r a d i o a c t i v i t y  r e p r e s e n t e d  
o n ly  a s m a l l  f r a c t i o n  o f  t h e  d o se  ( 0 .0 1 5  -  0 .0 9  o r  0 .0 1  -  0.34% d o s e /  
ml p la sm a  f o r  r a t s  o r  m ic e ,  r e s p e c t i v e l y )  a t  any  o f  t h e  t im e  p o i n t s  
i n v e s t i g a t e d  and  c l e a r a n c e  from  p lasm a  was e s s e n t i a l l y  c o m p le te  i n  12 h 
f o r  r a t s  and 18 h f o r  m ic e .  The h i g h e r  p lasm a  l e v e l s  o f  r a d i o a c t i v i t y  
found  i n  m ice i s  c o n s i s t e n t  w i t h  t h e  l a r g e r  p r o p o r t i o n  o f  t h e  d o se  a b ­
s o rb e d  and  e x c r e t e d  i n  t h e  u r i n e  by t h i s  s p e c i e s .
The t i s s u e  d i s t r i b u t i o n  s t u d i e s  (T a b le  4 -2  and 4 - 3 )  c o n f i rm e d  
t h a t  m ost o f  t h e  i n t r a - g a s t r i c a l l y  a d m i n i s t e r e d  d o se  o f  -  DSH was
a s s o c i a t e d  w i t h  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  w i t h  much s m a l l e r  am ounts  
i n  o t h e r  t i s s u e s .
P e a k  t i s s u e  c o n c e n t r a t i o n s ,  e x c e p t  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  
g e n e r a l l y  o c c u r r e d  v e r y  r a p i d l y  a f t e r  d o s in g ,  t h e  maxima o c c u r r i n g  a f t e r
0 .2 5  h i n  m ice  and  0 .2 5  -  0 . 5  h i n  r a t s ,  d e p e n d in g  on th e  o r g a n .  T h i s
i s  a l s o  c o n s i s t e n t  w i t h  r a p i d ,  i n c o m p le te  a b s o r p t i o n  from  t h e  u p p e r  
g a s t r o i n t e s t i n a l  t r a c t  and l i t t l e  a b s o r p t i o n  f rom  th e  lo w e r  g u t .
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14As might be e x p e c te d ,  s i g n i f i c a n t  amounts o f  th e  dose o f  C -  DSH
a p p e a r e d  t r a n s i e n t l y  i n  l i v e r  and k id n e y  b u t  i t  s h o u ld  be n o t i c e d
t h a t  a p p r e c i a b l e  am ounts w ere  a l s o  found  s h o r t l y  a f t e r  d o s in g  i n  th e
p a n c r e a s  b o th  o f  r a t s  and  m ic e .  T h e r e f o r e ,  i t  i s  s u g g e s t e d  t h a t
t o x i c o l o g i c a l  s t u d i e s  on DSH s h o u ld  i n c l u d e  c a r e f u l  e x a m in a t io n  o f  t h i s
o r g a n ,  i n c l u d i n g  f u n c t i o n  t e s t s .
A c o m p re h e n s iv e  i n v e s t i g a t i o n  o f  t h e  p lasm a  and  t i s s u e  d i s t r i b u -  
35t i o n  o f  S -  DSH was n o t  p o s s i b l e  due to  t h e  low  s p e c i f i c  a c t i v i t y
o b t a i n e d  i n  i t s  s y n t h e s i s .
The l i m i t e d  r e s u l t s  o b t a i n e d  i n  t h e  p lasm a  l e v e l  s t u d i e s  o f
^ ^ S -D S H  ( T a b le  4 - 1 )  s u g g e s t  t h a t  i t  behaved  s i m i l a r l y  to  ^^C -D S H .
I t  i s  recommended t h a t  im provem ents  in  t h e  s y n t h e s i s  o f  ^^C -D SH  
35and S -  DSH s h o u ld  be i n t r o d u c e d  i n  o r d e r  to  i n c r e a s e  t h e  s p e c i f i c  
a c t i v i t i e s  o f  th e  l a b e l l e d  compounds. T h is  w i l l  e n a b le  t h e  u s e  o f  
lo w e r  d ose  l e v e l s  th a n  th e  a d m i t t e d l y  h ig h  d o se  l e v e l s  u s e d  i n  t h i s  
s t u d y .
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SOME TOXICITY STUDIES ON STORED SULPHITED MODEL DIETS
5 .1  I n t r o d u c t i o n
S t u d i e s  i n  r a t s  f e d  s u l p h i t e d  d i e t s  p o i n t  to  t h e  f o r m a t io n  o f  
some t o x i c  i n t e r a c t i o n  compound ( F i t z h u g h  e t  a l ,  1946; H ed in ,  1962; 
B h a g a t  and  L o c k e t t ,  1 9 6 4 ) .
The r e s u l t s  from  t h e  s h o r t - t e r m  t o x i c i t y  s t u d i e s  i n  r a t s  and 
m ice (C h a p te r  3 )  i n d i c a t e d  t h a t  DSH d i d  n o t  a p p e a r  t o  be t h e  i n t e r ­
a c t i o n  compound r e s p o n s i b l e  f o r  t h e  a l l e g e d  r e d u c t i o n  i n  body w e ig h t  
g a in s  o f  r a t s  f e d  s t o r e d  s u l p h i t e d  d i e t s  ( F i t z h u g h  _et 1946; B hagat 
and L o c k e t t ,  1 9 6 4 ) .
T a k in g  i n t o  c o n s i d e r a t i o n  th e  v ie w s  t h a t  t h e  t o x i c i t y  o f  s t o r e d  
s u l p h i t e d  model d i e t s  c o u ld  be a t t r i b u t e d  to  th e  p r e s e n c e  o f  l a c t o s e  
h y d r o x y s u lp h o n a te  ( S h a r r a t ,  1977) and  t h e  f a c t  t h a t  s u l p h i t e  and  l a c ­
t o s e  ( i n  d r i e d  m i lk )  c a n  be added  to  c e r t a i n  fo o d s  such  a s  s a u s a g e s  
( M a r s h a l l ,  1960 ; H o rn se y ,  1 9 6 9 ) ,  i t  was c o n s i d e r e d  o f  i n t e r e s t  t o  
s tu d y  t h e  t o x i c i t y  o f  s t o r e d  s u l p h i t e d  model d i e t s  c o n t a i n i n g  l a c t o s e  
a s  p a r t  o f  t h e i r  c a r b o h y d r a t e  c o n t e n t .
5 .2  M a t e r i a l s  and  m ethods
5 . 2 . 1  C h e m ic a ls
L a c to s e  ( " A n a la r "  g r a d e ) ,  c a s e i n  and  m aize  s t a r c h  ( " L a b o r a to r y  
R e a g e n ts "  g r a d e )  w ere  o b t a i n e d  f rom  BDH.
M in e r a l  m ix tu r e  ( B r ig g s  f o rm u la )  was p u r c h a s e d  f ro m  A r t h u r  H. 
Cox and Co. LTD.
V i ta m in  m ix tu r e  was o b t a i n e d  from  B .P .  N u t r i t i o n .
R enpro  p u re  c o r n  o i l  (Reknown P r o d u c t s  LTD) was p u r c h a s e d  from
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S p ic y  Foods LTD.
R e a g e n ts  f o r  th e  a s s a y  o f  h a e m o g lo b in ,  a s p a r t a t e  and a l a n i n e  
t r a n s a m i n a s e s ,  u r e a ,  i n o r g a n i c  p h o sp h o ru s  and serum  t o t a l  p r o t e i n  
were o b t a i n e d  from  B o e h r in g e r  Mannheim, B io c h e m ic a l  D e p a r tm e n t .
R e a g e n ts  f o r  t h e  d e t e r m i n a t i o n  o f  t o t a l  f o l a t e  w ere  o b t a i n e d  
from  th e  R a d io c h e m ic a l  C e n t r e .
I s o t o n  I I  and Z apon in  were p u r c h a s e d  from  C o u l t e r  E l e c t r o n i c s
LTD.
R e a g e n ts  f o r  t h e  l i g h t  m ic r o s c o p ic  s t u d i e s  w ere  o b t a i n e d  from  
Raymond and  Lamb.
A l l  t h e  o t h e r  c h e m ic a l s  m en t io n e d  i n  t h i s  c h a p t e r  were p u r c h a s e d  
from  BDH.
5 . 2 . 2  A n im als
M ale w i s t a r  a l b i n o  r a t s  from  th e  U n i v e r s i t y  o f  S u r r e y  c o l o n i e s  
were u s e d .  The a n im a ls  were ho u sed  a t  22 + 1 °C w i th  a 12 h l i g h t /  
d a rk  c y c l e ,  and  were a l lo w e d  f r e e  a c c e s s  t o  t h e i r  r e s p e c t i v e  model 
d i e t s  and w a t e r .
5 . 2 . 3  M odel d i e t s
5 . 2 . 3 . 1  S t o r a g e  o f  d i e t a r y  com ponents
Components o f  t h e  d i e t s  w ere  s t o r e d  f o r  26 m onths a t  22 + 1 °C  
i n  d a r k  g l a s s  b o t t l e s ,  p r o t e c t e d  from  d i r e c t  s u n l i g h t ,  a s  f o l l o w s :
1 .  C a s e in  ( 4 . 8  Kg) + l a c t o s e  ( 1 .5  Kg)
2 .  L a c to s e  ( 1 . 5  Kg) + sodium  m e t a b i s u l p h i t e  ( 0 .6  Kg)
3 .  C a s e in  ( 4 . 8  Kg) + sod ium  m e t a b i s u l p h i t e  ( 0 .6  Kg)
4 .  C a s e in  ( 4 .8  Kg) + l a c t o s e  ( 1 .5  Kg) + sod ium  m e t a b i s u l p h i t e  ( 0 . 6  Kg)
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The p r o p o r t i o n s  o f  t h e  i n d i v i d u a l  com ponents  were such  t h a t ,  on 
m aking up to  30 Kg w i t h  a p p r o p i a t e  am ounts o f  t h e  o t h e r  d i e t a r y  com­
p o n e n t s ,  t h e  f i n a l  d i e t s  c o n t a i n e d  16% c a s e i n  and 5% l a c t o s e .  I n  t h e  
c a s e  o f  d i e t s  c o n t a i n i n g  m e t a b i s u l p h i t e ,  t h e  f i n a l  d i e t a r y  c o n c e n t r a ­
t i o n  was 2% Na^S-Or and th e  m aize  s t a r c h  c o n c e n t r a t i o n  was r e d u c e d  by z Z D
t h i s  am ount.
5 . 2 . 3 . 2  P r e p a r a t i o n  o f  t h e  model d i e t s
The c o m p o s i t i o n  o f  t h e  model d i e t s  u s e d  i n  t h i s  e x p e r im e n t  a r e  
g iv e n  i n  T a b le  5 - 1 .
A l l  d i e t s  were p r e p a r e d  e v e r y  f o r t n i g h t ,  and s t o r e d  i n  p l a s t i c  
c o n t a i n e r s  a t  -16  °C u n t i l  r e q u i r e d .
D e t a i l s  o f  t h e  c o m p o s i t i o n  o f  t h e  v i t a m i n  m ix t u r e ,  t h e  m in e r a l  
m ix tu re  and  t h e  o r d i n a r y  s t o c k  d i e t  ( S p r a t t ' s  pow dered d i e t  f o r  r o d e n t s  
N° 2 ,  S p r a t t ' s  L a b o r a t o r y  S e r v i c e s )  a r e  g iv e n  i n  T a b le  A -1 ,  A-2  and 
A-3  (A p p en d ix )
T a b le  5 -1  C o m p o s i t io n  o f  t h e  model d i e t s
Component
(%)
Model d i e t ^
A B C D E
M aize  s t a r c h 66 66 64 64 64
V i ta m in  m ix tu r e 4 4 4 4 4
M in e r a l  m ix tu re 4 4 4 4 4
Corn o i l 5 5 5 5 5
C a s e in  ( f r e s h ) 16 - 16 - -
L a c to s e  ( f r e s h ) 5 - - 5 -
S t o r e d  c a s e i n  + l a c t o s e - 16 ■+ 5 - -
S t o r e d  l a c t o s e  + Na2S20g - - 5 + 2 - -
S t o r e d  c a s e i n  + Na2S20^ - - - 1 6 + 2 -
S t o r e d  c a s e i n  + l a c t o s e  + - - - - 1 6 + 5 + 2
Na2S2Û^ .
100 100 100 100 100
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D i e t  A was a c o n t r o l  d i e t .
D i e t  B was an e x p e r i m e n t a l  d i e t  d e s ig n e d  to  i n d i c a t e  w h e th e r  
s t o r a g e  o f  c a s e i n  and l a c t o s e  l e d  to  t h e  f o r m a t io n  o f  t o x i c  o r  n u t r i ­
t i o n a l l y  i n a d e q u a te  i n t e r a c t i o n  p r o d u c t s ,  a s  i n  th e  c a s e  o f  non-enzym ic  
b row ning  p r o d u c t s  (M ori and  N a k a t s u j i ,  1 9 7 7 ) .
D i e t s  C and D w ere  s i m i l a r l y  d e s ig n e d  to  s tu d y  th e  e f f e c t s  o f  
s t o r a g e  o f  l a c t o s e  o r  c a s e i n ,  r e s p e c t i v e l y ,  w i th  sodium  m e t a b i s u l p h i t e  
(B h a g a t  and  L o c k e t t ,  1964 ; S h a r r a t ,  1 9 7 7 ) .
D i e t  E was d e s ig n e d  t o  d e te r m in e  w h e th e r  sod ium  m e t a b i s u l p h i t e  
m ig h t  i n t e r a c t  w i th  i n t e r m e d i a t e s  i n  non-enzym ic  b row ning  r e a c t i o n s  
be tw een  c a s e i n  and l a c t o s e  on s t o r a g e  to  form  t o x i c  p r o d u c t s  ( F e r r e t t i  
_et 1970; F e r r e t t i  and  F l a n a g a n ,  1 9 7 1 ) .
5 . 2 . 4  D e t e c t i o n  o f  a n t i o x i d a n t s  i n  Renpro c o rn  o i l
R enpro  c o r n  o i l  was c h e ck e d  f o r  f reedom  from  g a l l a t e s ,  b u t y l a t e d  
h y d r o x y a n i s o l e  (BHA) and b u t y l a t e d  h y d ro x y to lu e n e  (BHT) u s in g  t h e  
m ethods p u b l i s h e d  by th e  A s s o c i a t i o n  o f  P u b l i c  A n a l y s t s  ( 1 9 6 3 ) .  '
5 . 2 . 5  U r i n a l y s i s
U r i n a r y  b lo o d ,  pH, s p e c i f i c  g r a v i t y ,  a s p a r t a t e  t r a n s a m i n a s e ,  
t o t a l  p r o t e i n ,  c r e a t i n i n e ,  u r e a ,  t h i a m i n e ,  sod ium , p o t a s s iu m ,  c h l o r i d e ,  
c a l c iu m  and i n o r g a n i c  p h o s p h o ru s  w ere  d e te r m in e d  a s  d e s c r i b e d  i n  S e c t i o n  
3 . 2 . 3 .
5 . 2 . 6  C l i n i c a l  b io c h e m ic a l  e x a m in a t io n s
Serum a l a n i n e  t r a n s a m i n a s e ,  a l k a l i n e  p h o s p h a ta s e ,  t o t a l  f o l a t e ,  
t o t a l  p r o t e i n ,  sod ium , p o t a s s iu m  and c a lc iu m  w ere  d e te r m in e d  a s  d e ­
s c r i b e d  in  S e c t i o n  3 . 2 . 4 .
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5 . 2 . 6 . 1  B lood g lu c o s e
The t e s t  was b a s e d  on th e  o r i g i n a l  method by W erner a l  (1 9 7 0 ) .
Sam ples o f  h e p a r i n i z e d  b lo o d  ( 0 .1 0  m l) from  th e  t a i l  v e i n  o f  r a t s  
were d e p r o t e i n i z e d  im m e d ia te ly  a f t e r  c o l l e c t i o n  by m ix ing  w i th  1 ml o f  
URAC (U ra n y l  a c e t a t e  d e p r o t e i n i z i r i g  s o l u t i o n ,  B o e h r in g e r  M annheim).
The s u s p e n s i o n s  were c e n t r i f u g e d  i n  a  Beckman J - 6  c e n t r i f u g e  a t  823 g ^ ^ .
Sam ples  o f  t h e  d e p r o t e i n i z e d  s u p e r n a t e s  ( 0 .2  ml) were mixed w i th  
5 ml o f  a  s o l u t i o n  c o n t a i n i n g  p h o s p h a te  b u f f e r ,  pH 7 .0  (100 raM) / p e r o x ­
i d a s e  ^ 0 . 8  U/ml / g l u c o s e  o x id a s e  ^  10 U/ml /d i-am m onium  2 , 2 * - a z i n o - b i s  
( 3 - e t h y l b e n z o t h i a z o l i n e - 6 - s u l p h o n a t e )  ( 1 .0  m g /m l) .  The s o l u t i o n s  were 
i n c u b a t e d  a t  21 °C f o r  25 m in u te s .
A b l a n k  was p r e p a r e d  by r e p l a c i n g  th e  sam ple  o f  d e p r o t e i n i z e d  
s u p e r n a t e s  w i t h  0 . 2  ml o f  d i s t i l l e d  w a t e r .
S t a n d a r d s  were p r e p a r e d  by s u b s t i t u t i n g  th e  sam ple  o f  d e p r o t e i n i z e d  
s u p e r n a t e s  w i t h  0 . 2  ml o f  g lu c o s e  s t a n d a r d  s o l u t i o n  ( 0 .5 0 5  mM).
A b s o rb a n c e s  o f  t h e  sa m p le s  and  s t a n d a r d  s o l u t i o n s  w ere  m easu red  
a g a i n s t  t h e  b la n k  a t  590 nm, i n  a  C e c i l  LE 272 l i n e a r  r e a d o u t  u l t r a v i o l e t  
s p e c t r o p h o to m e t e r .
5 . 2 . 6 . 2  Serum v i t a m i n  A
The t e s t  was b a s e d  on th e  o r i g i n a l  method by Hansen and  Warwick 
( 1 9 6 9 ) .
Sam ples  o f  se rum  ( 0 .2  m l)  were d i l u t e d  w i th  0 .2  ml o f  d i s t i l l e d  
w a t e r .  Sam ples  o f  d i l u t e d  serum  ( 0 .4  m l)  were m ixed w i t h  1 ml o f  
d i s t i l l e d  w a t e r ,  f o l lo w e d  by a d d i t i o n ,  w i t h  m ix in g ,  o f  2 ml o f  a b s o l u t e  
e t h a n o l .
F iv e  ml o f  s p e c t r o s c o p i c  g ra d e  hexane  were added  to  a l l  t h e  s a m p le s ,  
f o l lo w e d  by f u r t h e r  m ix in g .  The t e s t  tu b e s  were s t o p p e r e d  and  c e n t r i ­
fu g e d  i n  a  Beckman J - 6  c e n t r i f u g e ,  a t  823 6^ ^ ,  f o r  5 m in u t e s .  The
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hexane  l a y e r  was t r a n s f e r r e d  w i th  P a s t e u r  p i p e t t e s  to  c l e a n  t e s t  tu b e s  
A b la n k  was p r e p a r e d  by r e p l a c i n g  th e  d i l u t e d  serum  sam ple  w i th  • 
d i s t i l l e d  w a t e r .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  u s in g  r e t i n y l  a c e t a t e  s o l u t i o n s  
a t  c o n c e n t r a t i o n s  o f  0 . 5  -  2 .1  M g/m l.
The f l u o r e s c e n c e s  o f  t h e  sam ple  and s t a n d a r d  s o l u t i o n s  were 
m easu red  a g a i n s t  t h e  b la n k  i n  a  P e r k in - E lm e r  MPF-3 f l u o r e s c e n c e  s p e c ­
t r o p h o t o m e t e r  c o n n e c te d  to  a  H i t a c h i  QPD 33 r e c o r d e r .  An e x c i t a t i o n  
w a v e le n g th  o f  340 nm and an e m is s io n  w a v e le n g th  o f  550 nm were u se d  
f o r  a l l  t h e  d e t e r m i n a t i o n s .
5 . 2 . 7  H aem ato logy
H aem oglob in ,  h a e m a t o c r i t  and  e r y t h r o c y t e  and t o t a l  l e u c o c y t e s  
c o u n t s  w ere  d e te r m in e d  a s  d e s c r i b e d  in  S e c t i o n  3 . 2 . 5 .
5 . 2 . 8  H i s to l o g y
Sam ples  o f  s e l e c t e d  o r g a n s  were p r e p a r e d  f o r  h i s t o l o g i c a l  exam­
i n a t i o n  ( H a e m a to x y l in - e o s in )  a s  d e s c r i b e d  in  S e c t i o n  3 . 2 . 6 .
5 . 2 . 9  S h o r t - t e r m  s tu d y  (90 d a y s )  -  r a t s
F o r  l o g i s t i c  r e a s o n s  i s  was n e c e s s a r y  t o  s t a g g e r  t h e  s t a r t  o f  
t h e  e x p e r im e n t  su c h  t h a t  f i v e  g ro u p s  o f  10 w e a n l in g  m ale r a t s  were 
p l a c e d  on t h e i r  r e s p e c t i v e  d i e t s  a t  i n t e r v a l s  o f  two d a y s .  A l th o u g h  
th e  a n im a ls  w ere  a l l  d e r i v e d  from  th e  same i n b r e d  c o lo n y ,  th e y  w ere  ' 
n o t  a l l  l i t t e r - m a t e s  and  c o n s e q u e n t ly  c o m p a r iso n  o f  body w e ig h t s  have  
t o  be i n t e r p r e t e d  w i t h  some c a u t i o n .  The a n im a ls  were ca g ed  i n  s u b ­
g ro u p s  o f  5 a n im a ls  p e r  c a g e .
The c o n t r o l  g ro u p  was fe d  t h e  c o n t r o l  d i e t  A. ' The r e m a in in g
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f o u r  g ro u p s  were g iv e n  th e  e x p e r i m e n t a l  d i e t s  B, C, D and E p r e p a r e d  
a s  d e s c r i b e d  in  S e c t i o n  5 . 2 . 3 .
A l l  th e  a n im a ls  had  f r e e  a c c e s s  to  t h e i r  r e s p e c t i v e  d i e t s  and 
d r i n k i n g  w a t e r .
Each  g ro u p  o f  r a t s  was f e d  w i t h  i t s  r e s p e c t i v e  d i e t  f o r  90 d a y s .  
Food i n t a k e  and  body w e ig h t  g a in s  w ere  r e c o r d e d  w e e k ly .
On day  80 , b lo o d  was o b t a i n e d  by c u t t i n g  th e  t i p  o f  th e  t a i l  o f
th e  a n im a l s ,  and b lo o d  g lu c o s e  d e te r m in e d  a s  d e s c r i b e d  in  S e c t i o n
5 . 2 . 6 . 1 .
On day  86 , a l l  t h e  r a t s  w ere  housed  s i n g l y  i n  g l a s s  m e ta b o l is m
c a g e s  and u r i n e  and f a e c e s  were c o l l e c t e d  a s  d e s c r i b e d  i n  S e c t i o n
3 . 2 . 7 . 1 .
On day  90, a l l  a n im a ls  w ere  k i l l e d  by e x s a n g u i n a t i o n  from  c a r d i a c  
p u n c tu r e  u n d e r  e t h e r  a n a e s t h e s i a .
B lood , se rum  and  s e l e c t e d  o r g a n s  were c o l l e c t e d  a s  d e s c r i b e d  i n  
S e c t i o n  3 . 2 . 8 . 1 .
The u r i n a l y s i s  and c l i n i c a l  b io c h e m ic a l ,  h a e m a to l o g i c a l  and 
h i s t o l o g i c a l  e x a m in a t io n s  o f  r a t s  p e r fo rm e d  a t  t e r m i n a t i o n  were a s  
f o l l o w s ;
U r i n a r y  b lo o d ,  pH, s p e c i f i c  g r a v i t y ,  a s p a r t a t e  t r a n s a m i n a s e ,  t o t a l  
p r o t e i n ,  c r e a t i n i n e ,  u r e a ,  t h i a m i n e ,  sod ium , p o t a s s iu m ,  c h l o r i d e ,  c a l ­
c ium  and  i n o r g a n i c  p h o s p h o ru s . .  .
Serum a l a n i n e  t r a n s a m i n a s e ,  a l k a l i n e  p h o s p h a ta s e ,  t o t a l  f o l a t e ,  
t o t a l  p r o t e i n ,  sod ium , p o t a s s iu m ,  c a lc iu m ,  v i t a m i n  A and b lood  
g l u c o s e .
H aem oglob in , h a e m a t o c r i t  and e r y t h r o c y t e  and  t o t a l  l e u c o c y t e s  
c o u n t s  and l i g h t  m ic r o s c o p ic  s t u d i e s  o f  s e l e c t e d  o rg a n s  (H a e m a to x y l in -  
e o s i n ) .
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5 .3  R e s u l t s
A l l  t h e  s t a t i s t i c a l  a n a l y s e s  were b a sed  on th e  S t u d e n t ' s  t  t e s t ,  
u s in g  an O l i v e t t i  P 652 p r o c e s s o r  programmed w i t h  an O l i v e t t i  ST 0706 
m ic ro c o m p u te r  programme c a r d .
I n  F i g u r e  5 -1  a r e  g iv e n  th e  body w e i g h t s . o f  th e  c o n t r o l  and 
th e  t e s t  g r o u p s .
A t  week. 13 , g ro u p  C ( P < 0 . 0 1 ) ,  g ro u p  D ( P < 0 . 0 5 )  and  g ro u p  
E ( P < 0 . 0 5 )  showed s i g n i f i c a n t l y  lo w er  body w e ig h ts  th a n  th e  c o n t r o l  
g r o u p .  However, no s i g n i f i c a n t  d i f f e r e n c e s  were found  when g ro u p  C, 
f e d  c a s e i n  s t o r e d  w i t h  Na2S20^ , was compare.d w i th  g ro u p  B w hich  was 
f e d  w i t h  c a s e i n  s t o r e d  w i t h  l a c t o s e .
I n  T a b le  5 -2  a r e  g iv e n  th e  food  i n t a k e  o f  t h e  c o n t r o l  and  th e  
t e s t  g r o u p s .
No m a jo r  d i f f e r e n c e s  i n  fo o d  i n t a k e  were o b s e rv e d  be tw een  th e  
c o n t r o l  and  th e  t e s t  g r o u p s .
I n  T a b le  5 -3  a r e  g iv e n  th e  u r i n e  o u t p u t  and  u r i n a r y  b lo o d ,  pH 
and  s p e c i f i c  g r a v i t y  o f  t h e  c o n t r o l  and t e s t  g r o u p s .
I t  w i l l  be n o t e d  t h a t  a l l  d i e t s  c o n t a i n i n g  Na2S20^ (C, D and  E) 
c a u s e d  an  i n c r e a s e  i n  u r i n e  volum e o u t p u t .  A d e c r e a s e  i n  u r i n a r y  
s p e c i f i c  g r a v i t y  was a l s o  found  i n  g ro u p s  C and  E.
Group E and  B a l s o  showed lo w e r  u r i n a r y  pH t h a n  c o n t r o l s  b u t  t h e  
v a l u e s  o b t a i n e d  were w i t h i n  t h e  n o rm al r a n g e  f o r  t h i s  s p e c i e s .
No b lo o d  was d e t e c t e d  i n  t h e  u r i n e  o f  any g ro u p .
The u r i n a r y  a s p a r t a t e  t r a n s a m i n a s e  a c t i v i t i e s  and u r i n a r y  t o t a l  
p r o t e i n ,  c r e a t i n i n e ,  u r e a  and  th ia m in e  e x c r e t i o n s  o f  t h e  c o n t r o l  and  
t e s t  g r o u p s . a r e  g iv e n  i n  T a b le  5 - 4 . '  A l l  t h e  e x c r e t i o n s  v a l u e s  a r e  
f o r  24 h c o l l e c t i o n  p e r i o d s .
D e c re a s e d  u r i n a r y  a s p a r t a t e  t r a n s a m in a s e  a c t i v i t y  and  u r i n a r y
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t h ia m in e  e x c r e t i o n  and  i n c r e a s e d  t o t a l  p r o t e i n  e x c r e t i o n  were p ro d u ced  
by a l l  t h e  d i e t s  c o n t a i n i n g
Group B showed lo w e r  u r i n a r y  t o t a l  p r o t e i n  and c r e a t i n i n e  e x ­
c r e t i o n  th a n  c o n t r o l s .
No s i g n i f i c a n t  d i f f e r e n c e s  were found  i n  t h e  u r i n a r y  e x c r e t i o n  
o f  u r e a  by t h e  t e s t  g r o u p s .
The u r i n a r y  sod ium , p o t a s s iu m ,  c h l o r i d e ,  c a lc iu m  and i n o r g a n i c  
p h o s p h o ru s  e x c r e t i o n s  and  c o n c e n t r a t i o n s  o f  t h e  c o n t r o l  and t e s t  g ro u p s  
a r e  g iv e n  i n  T a b le  5 - 5 .
I t  c an  be o b s e rv e d  t h a t  a l l  t h e  d i e t s  c o n t a i n i n g  Na2 S2 Û^ (C, D 
and E )  c a u s e d  an i n c r e a s e  i n  t h e  u r i n a r y  e x c r e t i o n  o f  sodium  and a d e ­
c r e a s e  i n  t h e  u r i n a r y  c o n c e n t r a t i o n  o f  p o t a s s iu m ,  c h l o r i d e  and p h o sp h o ru s  
D i e t  E a l s o  c a u s e d  an i n c r e a s e  in  t h e  u r i n a r y  c o n c e n t r a t i o n  o f  sodium  
and c a lc iu m  and  in  t h e  u r i n a r y  e x c r e t i o n  o f  c a lc iu m .
I n  T a b le  5 -6  a r e  g iv e n  th e  serum  a l k a l i n e  p h o s p h a ta s e  and  a l a n i n e  
t r a n s a m i n a s e  a c t i v i t i e s ,  t o t a l  p r o t e i n ,  t o t a l  f o l a t e  and  v i t a m i n  A c o n ­
c e n t r a t i o n s  and  b lo o d  g lu c o s e  c o n c e n t r a t i o n s  o f  t h e  c o n t r o l  and  t e s t  
g r o u p s .
G roups C and E showed i n c r e a s e d  serum  a l k a l i n e  p h o s p h a ta s e  and 
d e c r e a s e d  serum  a l a n i n e  t r a n s a m i n a s e  a c t i v i t i e s  when com pared  w i t h  t h e  
c o n t r o l  g r o u p .  Group B a l s o  showed, h i g h e r  serum  a l k a l i n e  p h o s p h a ta s e  
a c t i v i t y  th a n  t h e  c o n t r o l  g ro u p .
G roups C and D w ere  found  t o  have  lo w er  se rum  t o t a l  f o l a t e  c o n ­
c e n t r a t i o n s  t h a n  t h e  c o n t r o l  g ro u p .
G roups D an d  E showed h i g h e r  b lo o d  g l u c o s e  c o n c e n t r a t i o n s  t h a n  
t h e  c o n t r o l  g r o u p .
No s i g n i f i c a n t  d i f f e r e n c e s  w ere  o b s e rv e d  i n  serum  t o t a l  p r o t e i n  
and v i t a m i n  A c o n c e n t r a t i o n s  be tw een  th e  c o n t r o l  and t h e  t e s t  g r o u p s .
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I n  T a b le  5 -7  a r e  g iv e n  th e  se rum  sodium , p o t a s s iu m  and c a lc iu m  
c o n c e n t r a t i o n s  o f  t h e  c o n t r o l  and t e s t  g r o u p s .
D e c re a s e d  serum  sod ium  c o n c e n t r a t i o n s  were o b s e rv e d  i n  g ro u p s  
B, C and  D when com pared w i t h  t h e  c o n t r o l  g r o u p .
G roups B and  D a l s o  showed an  i n c r e a s e d  i n  serum  c a lc iu m  c o n c e n ­
t r a t i o n s  when com pared w i th  t h e  c o n t r o l  g r o u p .
No s i g n i f i c a n t  d i f f e r e n c e s  w ere  found  i n  se rum  p o ta s s iu m  c o n c e n ­
t r a t i o n s  b e tw e en  t h e  c o n t r o l  and t h e  t e s t  g r o u p s .
I n  T a b le  5 -8  a r e  g iv e n  t h e  h aem o g lo b in  c o n t e n t s ,  h a e m a t o c r i t  
v a l u e s  and  e r y t h r o c y t e  and t o t a l  l e u c o c y t e s . c o u n t s  o f  t h e  c o n t r o l  and 
t e s t  g r o u p s .
I n c r e a s e d  h a e m a t o c r i t  v a l u e  and  d e c r e a s e d  e r y t h r o c y t e  and  t o t a l  
l e u c o c y t e s  c o u n t s  w ere  o b s e rv e d  i n  g ro u p  C when com pared w i t h  t h e  c o n ­
t r o l  g r o u p .
D e c r e a s e d  h a e m a t o c r i t  v a l u e  and  e r y t h r o c y t e  c o u n t  w ere  a l s o  fo u n d  
i n  g ro u p  E when com pared w i t h  t h e  c o n t r o l  g ro u p .
No s i g n i f i c a n t  d i f f e r e n c e s  i n  h aem o g lo b in  c o n t e n t  w ere  o b s e rv e d  
b e tw een  t h e  c o n t r o l  and  t h e  t e s t  g r o u p s .
The r e l a t i v e  w e ig h t s  o f  s e l e c t e d  o r g a n s  o f  t h e  c o n t r o l  and  t e s t  
g ro u p s  a r e  g iv e n  i n  T a b le  5 - 9 .
A l l  t h e  Na 2 S2 Û^ c o n t a i n i n g  d i e t s  (C, D and  E ) p ro d u c e d  a n  i n c r e a s e  
i n  t h e  r e l a t i v e  w e i g h t s  o f  s tom ach  f u l l  and  em pty , s m a l l  i n t e s t i n e  f u l l  
and  empty and  caecum  f u l l  when com pared  w i th  t h e  c o n t r o l  g r o u p .
D i e t  C a l s o  p ro d u c e d  an  i n c r e a s e  i n  t h e  r e l a t i v e  w e ig h t s  o f  t h e  
l i v e r ,  p a n c r e a s ,  u r i n a r y  b l a d d e r  and  caecum  em pty .
I n c r e a s e d  r e l a t i v e  w e ig h ts  o f  p a n c r e a s  and stom ach  f u l l  w ere  a l s o  
p ro d u c e d  by d i e t  B.
D e c r e a s e d  r e l a t i v e  w e ig h ts  o f  l i v e r  and  i n c r e a s e d  r e l a t i v e  w e i g h t s
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o f  caecum empty and c o lo n  and r e c tu m  f u l l  were a l s o  o b s e rv e d  i n  a n im a ls  
f e d  w i t h  d i e t  D when com pared w i t h  t h e  c o n t r o l  g ro u p .
D i e t  E was a l s o  found  to  p ro d u ce  h i g h e r  r e l a t i v e  w e ig h t s  o f  u r i ­
n a ry  b l a d d e r  t h a n  t h e  c o n t r o l  d i e t  A.
H i s t o l o g i c a l  e x a m in a t io n  o f  s e c t i o n s  o f  t h e  s tom ach  (H a e m a to x y l in -  
e o s i n )  o f  g ro u p s  C, D and  E showed r a i s i n g  and  t h i c k e n i n g  o f  t h e  l i m i t i n g  
r i d g e  o f  t h e  f o re s to m a c h  w hich  a p p e a r e d  to  be m a in ly  due to  s e v e r e  
h y p e r k e r a t o s i s  and  a c a n t h o s i s .  Oedema o f  t h e  l a m in a  p r o p i a  was a l s o  
o b s e rv e d  and  c o n t r i b u t e d  t o  t h e  p ro n o u n ce d  a p p e a r a n c e  o f  t h e  p l i c a  
c i r c u l a r i s .
No p a t h o l o g i c a l  c h a n g e s  were o b s e rv e d  i n  t h e  g l a n d u l a r  s to m a c h .
H i s t o l o g i c a l  e x a m in a t io n  ( H a e m a t o x i l i n - e o s i n )  o f  s e c t i o n  o f  t h e  
k i d n e y ,  l i v e r ,  u r i n a r y  b l a d d e r ,  duodenum, caecum  and r e c tu m  d i d  n o t  
r e v e a l  any  t r e a t m e n t - r e l a t e d  h i s t o p a t h o l o g i c a l  c h a n g e s  i n  any  o f  t h e  
t e s t  g r o u p s .
A t week 3 ,  a l o p e c i a  was o b s e rv e d  i n  4 a n im a ls  o f  g ro u p  C. A t 
week 5 , 3 a n im a ls  o f  g ro u p  E were a l s o  n o t i c e d  to  be a f f e c t e d  by a l o p e c i a .  
A l l  a n im a ls  r e c o v e r e d  from  t h i s  c o n d i t i o n  by week 10.
The a b s e n c e  o f  g a l l a t e s ,  BHA and BHT i n  R enpro c o r n  o i l  was c o n ­
f i rm e d  by t h e  c h e m ic a l  m ethods d e t a i l e d  i n  S e c t i o n  5 . 2 . 4 .
1.57
F ig u r e  5-1  Body w e ig h ts , ,  o f  m ale  r a t s  f e d  s t o r e d  s u l p h i t e d  
model d i e t s  f o r  90 days
400
320
^  240
•H
160
80
0
20 4 6 S' 1210
Time (w eeks)
o  ---- Group A
■ — Group B
T  — Group C
•  ---- Group D
□ ---- Group E
V alu es  are  th e  means fo r  groups o f  10 r a t s
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Table 5 -2  Food in ta k e  o f  male r a t s  fed  s to r e d  s u lp h i t e d
model d i e t s  fo r  90 days
Week
Food 
( s / 1 0 0  g
i n t a k e
body w t /2 4  h )
A B C D E
0
1 11 12 14 13 12
2 11 ■ 15 14 14 15
3 11 14 17 14 16
4 11 11 13 11 12
5 13 9 10 9 12
6 8 8 9 9 10
7 7 8 8 8 10
8 6 7 8 8 8
9 6 6 7 7 . 8
10 6 6 7 7 7 ■
11 6 6 7 7 7
12 6 6 7 6 7
13 6 6 7 7 7
V a lu e s  a r e  t h e  means f o r  g ro u p s  o f  10 r a t s .
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T a b le  5 -7  Serum sod ium , p o t a s s iu m  and c a lc iu m  c o n c e n t r a t i o n s  o f  
r a t s  f e d  s t o r e d  s u l p h i t e d  model d i e t s  f o r  90 days
Model d i e t  
g ro u p
, Sodium 
(m m ol/1)
P o ta s s iu m
(mmo.l/.l)
C a lc iu m
(jnmo.l/.l)
A 1 3 5 .2  + 6 .7 7 .7  + 1 ,4 2 .6  + 0 .1
B 1 2 5 .0  + 1 0 .9 " 6 .8  + 2 .7 2 .7  + O . l "
C 1 1 4 .3  + 1 0 .9 8 .0  + 0 . 9 2 . 6  + 0 .1
• D 1 1 7 .1  + 1 5 .9 1 0 .6  + 9 .5 2 .7  + O . l "
E 1 2 9 .7  + 7 .3 6 .2  + 1 .8 2 .6  + 0 .1
V a lu e s  a r e  t h e  means + s t a n d a r d  d e v i a t i o n s  f o r  g ro u p s  o f  10 r a t s .  
V a lu e s  m arked w i th  *  d i f f e r  s i g n i f i c a n t l y  ( S t u d e n t ' s  t  t e s t )  f rom
th e  c o n t r o l :  * P <  0 . 0 5 ;  P <  0 .0 1 ;  ***** p < 0 . 0 0 1 .
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5 .4  D i s c u s s i o n
The s i g n i f i c a n t l y  lo w er  body w e i g h t s ,  a t  week 13 , o f  t h e  a n im a ls  
f e d  d i e t s  c o n t a i n i n g  Na2S20^ ( F ig u r e  5 - 1 )  have t o  be i n t e r p r e t e d  w i th  
some c a u t i o n  b e c a u s e  t h e  a n im a ls  were n o t  a l l  l i t t e r - m a t e s ,  a s  e x ­
p l a i n e d  i n  S e c t i o n  5 . 2 . 9 .  T h e r e f o r e ,  v a r i a t i o n s  i n  i n i t i a l  body 
w e ig h ts  o c c u r r e d  be tw een  th e  g r o u p s .  N e v e r t h e l e s s ,  t h e  r e s u l t s  g iv e n  
i n  F i g u r e  5 -1  a p p e a r  t o  i n d i c a t e  t h e  e x i s t e n c e  o f  l a c to s e /N a 2 S 2 0 ^  i n ­
t e r a c t i o n  p r o d u c t s ,  w i th  g r o w t h - i n h i b i t i n g  p r o p e r t i e s ,  t h a t  m ig h t  have  
form ed d u r i n g  th e  s t o r a g e  o f  t h o s e  two c o m p o n e n ts .  Those  p o s s i b l e  
i n t e r a c t i o n  compounds m ig h t  have  been  r e s p o n s i b l e  f o r  t h e  o b s e rv e d  
r e d u c t i o n  i n  body w e i g h t s .
A l t e r n a t i v e l y ,  t h e  e f f e c t s  on body w e ig h t s  m ig h t  have  been  th e  
r e s u l t " o f  im p a i r e d  a b s o r p t i o n  o f  n u t r i e n t s  due t o  t h e  p r e s e n c e  o f  p o o r ly  
d i g e s t e d  l a c t o s e / S 0 2  i n t e r a c t i o n  p r o d u c t s  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  
o f  t h e  t e s t  a n i m a l s ,  a s  i n  t h e  c a s e  o f  t h e  a b s o r p t i o n - d e l a y e d  m a t e r i a l  
found  i n  browned c a s e i n - g l u c o s e  model s y s te m s  .(M ori and  N a k a t s u j i ,
1 9 7 7 ) .
T h e re  i s  no e v id e n c e  a t  t h i s  s t a g e  o f  t h e  c h e m ic a l  s t r u c t u r e  o f  
p o s s i b l e  l a c t o s e / S Ü 2  i n t e r a c t i o n  p r o d u c t s .  However, p r e v i o u s  i n v e s ­
t i g a t o r s  ( S h a r r a t ,  1977) have  s u g g e s t e d  t h a t  l a c t o s e  h y d r o x y s u lp h o n a te s  
c o u ld  be r e s p o n s i b l e  f o r  t h e  o b s e rv e d  t o x i c i t y  o f  s t o r e d  model d i e t s .
I f  a  l a c t o s e  h y d r o x y s u lp h o n a te  i s  i n  f a c t  form ed by th e  i n t e r a c t i o n  o f  •
l a c t o s e  and  Na^S.O r d u r in g  s t o r a g e ,  i t  w ould have  to  be a b s o rb e d  v e r y  
z . z b
r a p i d l y  f rom  th e  g a s t r o i n t e s t i n a l  t r a c t  o f  t h e  r a t s ,  p o s s i b l y  i n  t h e  
s tom ach  o r  i n  t h e  u p p e r  p a r t  o f  t h e  s m a l l  i n t e s t i n e ,  i n  o r d e r  t o  p r o ­
duce  any  s i g n i f i c a n t  t o x i c  e f f e c t s  s i n c e  i t  i s  known t h a t  t h e  m a j o r i t y  
o f  t h e  h y d r o x y s u lp h o n a te s  a r e  r e a d i l y  d i s s o c i a t e d  a t  n e u t r a l  o r  m i l d l y  
a l k a l i n e  pH (B raverm an , 1953; B u rro u g h s  and  S p a r k s ,  1973, 1973 a ,  1973 b ;
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Gibson and S tr o n g ,  1 9 7 6 ) .
A l o p e c i a  was o b s e r v e d  i n  f o u r  a n i m a l s  o f  g ro u p  C a t  week 3,  and 
i n  3 a n i m a l s  o f  g ro u p  E a t  week 5.  A l l  t h e  a n i m a l s  r e c o v e r e d  from 
t h i s  c o n d i t i o n  by week 10.
The f a c t  t h a t  a l o p e c i a  was n o t  o b s e r v e d  i n  a n i m a l s  o f  g ro u p  D, 
which were f e d  w i t h  a  d i e t  c o n t a i n i n g  c a s e i n  and Na2 S 2 0 ^ t h a t  had be e n  
s t o r e d  t o g e t h e r ,  a p p e a r s  t o  i n d i c a t e  t h a t  t h e  o b s e r v e d  a l o p e c i a  was 
n o t  due t o  t h e  i n t e r a c t i o n  o f  s u l p h u r - c o n t a i n i n g  amino a c i d s  w i t h
l e a d i n g  t o  t h e  f o r m a t i o n  o f  S - s u l p h o n a t e s  ( S - a l k y l  t h i o s u l p h a t e s )  
( S e c t i o n  1 . 1 . 4 . 3 ) .  The a b s e n c e  o f  a l o p e c i a  i n  g roup  d a l s o  p o s s i b l y  
s u g g e s t s  t h a t  l a c t o s e / N a 2 S 2 0 ^ and  l a c t o s e / N a 2 S 2 Ü ^ /c a s e i n  i n t e r a c t i o n  
p r o d u c t s  m ig h t  have  been  r e s p o n s i b l e  f o r  t h e  o b s e r v e d  a l o p e c i a  i n  g r o u p s  
C and E-.
I t  i s  b e l i e v e d  t h a t  t h e  o n s e t  o f  a l o p e c i a  m ig h t  have  been  r e l a t e d  
t o  i n t e r f e r e n c e  w i t h  t h e  a b s o r p t i o n  o f  e s s e n t i a l  amincf a c i d s ,  p a r t i c u ­
l a r l y  m e t h i o n i n e ,  t h a t  l e d  t o  f r a c t u r e  o f  t h e  h a i r  s h a f t  w i t h i n  t h e  
f o l l i c l e  and t h e  d e v e lo p m e n t  o f  t h e  o b s e r v e d  a l o p e c i a  ( J o h n s o n ,  1 9 7 9 ) .  
Normal  a b s o r p t i o n  o f  m e t h i o n i n e  m ig h t  have been  h i n d e r e d  by t h e  p r e s e n c e  
i n  t h e  g a s t r o i n t e s t i n a l  c o n t e n t s  o f  t h e  r a t s  o f  p o o r l y  d i g e s t e d  l a c t o s e /  
Na 2 S 2 Û^ and l a c t o s e / N a 2 S2 Û ^ / c a s e i n  i n t e r a c t i o n  p r o d u c t s  wh ich  m ig h t  
have  i n h i b i t e d  t h e  t r a n s p o r t  o f  amino a c i d s  and  p e p t i d e s  a c r o s s  t h e  
m ucosa l  b a r r i e r ,  a s  i n  t h e  c a s e  o f  t h e  a d m i n i s t r a t i o n  o f  p r e m e l a n o i d i n s  • 
( S h o r r o c k  and F o r d ,  1978)  o r  f r u c t o s e - L - t r y p t o p h a n  (L ee ,  1 9 7 4 ) .
Lee ( 1974)  a l s o  r e p o r t e d  t h a t  t h e  a d m i n i s t r a t i o n  o f  browned a p r i ­
c o t  d i e t s  and browned egg a lb u m in  t o  r a t s  p ro d u c e d  d i a r r h o e a . t h a t  was 
n o t  e v i d e n t  d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  f e e d i n g  p e r i o d ,  s u g g e s t i n g  
some t y p e  o f  a d a p t a t i o n .  The f a c t  t h a t  t h e  a n i m a l s  f e d  d i e t s  C and  E 
( S e c t i o n  5 . 2 . 3 )  r e c o v e r e d  from t h e  o b s e r v e d  a l o p e c i a  s u g g e s t s  t h e  e x i s t ­
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ence  o f  some form o f  a d a p t i v e  r e s p o n s e ,  p o s s i b l y  i n  t h e  fo rm  o f  ch a n g es  
i n  t h e  g a s t r o i n t e s t i n a l  m i c r o f l o r a  t h a t  a l l o w e d  an  i n c r e a s e  i n  t h e  
d i g e s t i b i l i t y  o f  p o s s i b l e  l a c t o s e / N a ^ S ^ O ^  and  l a c t o s e / N a ^ S ^ O ^ / c a s e i n  
i n t e r a c t i o n  p r o d u c t s  which  p e r m i t t e d  an  i n c r e a s e  i n  t h e  a b s o r p t i o n  o f  
m e t h i o n i n e .  T h i s  s e q u e n c e  o f  e v e n t s  m ig h t  have a l l e v i a t e d  t h e  symp­
toms o f  a l o p e c i a .  T h i s  v i e w  i s  s u p p o r t e d  by t h e  f a c t  t h a t  s e v e r a l  
M a i l l a r d  r e a c t i o n  p r o d u c t s  a r e  known t o  be d e g r a d e d  by t h e  g a s t r o i n -  ' 
t e s t i n a l  m i c r o f l o r a  (Tanaka e t  a l ,  1975;  J o h n s o n  e t  a l ,  1 9 7 9 ) .
A l t e r n a t i v e l y ,  a t  t h i s  s t a g e  t h e  p o s s i b i l i t y  c a n n o t  be c o m p l e t e l y  
i g n o r e d  t h a t  l a c t o s e / N a 2 S 2 Û^ and l a c t o s e / N a 2 S 2 0 ^ / c a s e i n  i n t e r a c t i o n  
compounds m ig h t  have  c a u s e d  d e f i c i e n c i e s  o f  c e r t a i n  n u t r i e n t s ,  su c h  
a s  i r o n  and t r y p t o p h a n ,  t h a t  p r o d u c e d  t h e  o b s e r v e d  a l o p e c i a .
P o l y u r i a  was o b s e r v e d  i n  g r o u p s  C, D and E ( T a b le  5 - 3 ) .  T h i s  
e f f e c t  was more e v i d e n t  i n  g r o u p s  C and E and i t  m ig h t  have  c o n t r i b u t e d  
t o  t h e  d e c r e a s e  i n  u r i n a r y  s p e c i f i c  g r a v i t y  found  i n  t h e s e  g r o u p s .
I t  i s  n o t  b e l i e v e d  t h a t  t h e  o b s e r v e d  p o l y u r i a  was a  c o n s e q u e n c e  
o f  t h e  a d m i n i s t r a t i o n  o f  sodium m e t a b i s u l p h i t e  t o  t h e  t e s t  a n i m a l s  
s i n c e  t h e  u r i n a l y s e s  p e r f o r m e d  i n  s h o r t -  and l o n g - t e r m  s t u d i e s  i n  r a t s  
f e d  sod ium m e t a b i s u l p h i t e  a t  a  d i e t a r y  l e v e l  o f  2% d i d  n o t  r e v e a l  any  
p a t h o l o g i c a l  e f f e c t s  due t o  t h e  s a l t  ( T i l  _et a J ,  1 9 7 2 ) .
The f a c t  t h a t  p o l y u r i a  was more p r onounce d  i n  g r o u p s  C and  E 
s u g g e s t s  t h e  e x i s t e n c e  o f  l a c t o s e / N a 2 S2 0 ^ and p o s s i b l y  l a c t o s e / N a 2 S 2 0 g/  
c a s e i n  i n t e r a c t i o n  p r o d u c t s  w i t h  m i l d  d i u r e t i c  p r o p e r t i e s .  The mechanism 
o f  a c t i o n  o f  t h e  p o s s i b l e  i n t e r a c t i o n  compounds m ig h t  be s i m i l a r . t o  t h a t  
d e s c r i b e d  f o r  DSH ( C h a p t e r  3 ) .
I n c r e a s e d  u r i n a r y  24 h e x c r e t i o n  o f  t o t a l  p r o t e i n  and  r e d u c e d  
u r i n a r y  c o n c e n t r a t i o n  o f  a s p a r t a t e  t r a n s a m i n a s e  were found  i n  g r o u p s  
C, D and E ( T a b le  5 - 4 ) .  These  f i n d i n g s  a r e  t h o u g h t  t o  be a  r e f l e c t i o n
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o f  t h e  i n c r e a s e d  u r i n a r y  o u t p u t  o f  t h e s e  t e s t  a n i m a l s  s i n c e  no t r e a t m e n t -  
r e l a t e d  h i s t o p a t h o l o g i c a l  cha nges  were e v i d e n t  i n  s e c t i o n s  o f  t h e  k i d n e y  
( H a e m a t o x y l i n - e o s i n )  o f  t h o s e  a n i m a l s .
A l t h o u g h  t h e  v a l u e s  o b t a i n e d  f o r  t h e  24 h u r i n a r y  e x c r e t i o n s  o f  
t h i a m i n e  o f  g r o u p s  C, D and E were low e r  t h a n  t h o s e  o f  t h e  c o n t r o l  g ro u p  
A, i t  i s  c o n s i d e r e d  o f  i m p o r t a n c e  t o  n o t i c e  t h a t  t h e  c o n t r o l  g ro u p  i n  
t h i s  e x p e r i m e n t  was f e d  a  model  c o n t r o l  d i e t  s u p p le m e n te d  w i t h  50 mg 
th i a m i n e /K g  d i e t .  When t h e  c o n t r o l  g roup  f e d  u n s u p p le m e n te d  s t o c k  
d i e t  o f  a  p r e v i o u s  e x p e r i m e n t  (T a b le  3 - 1 0 )  was u s e d  a s  t h e  r e f e r e n c e  
g r o u p ,  t h e  24 h u r i n a r y  e x c r e t i o n s  o f  t h i a m i n e  o f  t h e  t e s t  g r o u p s  o f  
t h i s  e x p e r i m e n t  were found  t o  be i n  e x c e s s  o f  100% o f  t h a t  o f  t h e  c o n ­
t r o l  g roup  f e d  a  . d i e t  u n s u p p le m e n te d  w i t h  t h i a m i n e .  T h i s  i n d i c a t e d  
t h a t  t h e  l e v e l s  o f  t h i a m i n e  s u p p l e m e n t a t i o n  were s u f f i c i e n t  t o  p r e v e n t  
any t h i a m i n e  d e f i c i e n c y  i n  t h e  t e s t  a n i m a l s  c a u s e d  by d e s t r u c t i o n  o f  
t h e  v i t a m i n  by Na2S20^ ( S e c t i o n  1 . 1 . 4 ) .
The p r o p o s e d  d i u r e t i c  e f f e c t  o f  p o s s i b l e  l a c t o s e / N a 2 S 2 0 ^  and 
l a c t o s e / N a 2 S 2 0 ^ / c a s e i n  i n t e r a c t i o n  compounds can  a l s o  be o b s e r v e d  i n  
t h e  d e c r e a s e d  c o n c e n t r a t i o n s  o f  u r i n a r y  e l e c t r o l y t e s ,  su c h  a s  c h l o r i d e ,  
c o r r e s p o n d i n g  t o  i n c r e a s e d  24 h u r i n a r y  e x c r e t i o n s  o f  t h i s  e l e c t r o l y t e  
( T a b le  5 - 5 ) .
The i n c r e a s e d  24 h u r i n a r y  e x c r e t i o n s  o f  sod ium  o b s e r v e d  i n  g r o u p s  
C, D and  E ( T a b l e  5 - 5 )  a r e  b e l i e v e d  t o  have  been  c a u s e d  by a  h i g h e r  
d i e t a r y  i n t a k e  o f  sod ium ( H a r p e r ,  1971)  by t h e  a n i m a l s  o f  t h o s e  g r o u p s  
i n  t h e  fo rm  o f  sod iu m  m e t a b i s u l p h i t e .
The d e t e r m i n a t i o n  o f  b l o o d  g l u c o s e  l e v e l s  i n  t h i s  s t u d y  ( T a b le  
5 - 6 )  was p rom pted  by r e p o r t s  o f  d e p r e s s e d  g l u c o s e  l e v e l s  i n  r a t s  f e d  
browned a p r i c o t  d i e t  due t o  a  d i m i n i s h e d  a v a i l a b i l i t y  o f  g l u c o s e  (L ee ,  
1 9 7 4 ) .  No e v i d e n c e  o f  d e p r e s s e d  b lo o d  g l u c o s e  l e v e l s  i n  t h e  t e s t
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g r o u p s  was found  i n  t h i s  s t u d y .
The r e s u l t s  o f  t h e  u r i n a l y s e s ,  e x c e p t  f o r . t h e  p a r a m e t e r s  a l r e a d y  
d i s c u s s e d , a n d  t h e c l i n i c a l  b i o c h e m i c a l  and h a e m a t o l o g i c a l  e x a m i n a t i o n s  d i d  
n o t  r e v e a l  a ny  t o x i c  e f f e c t s  due to  t h e  f e e d i n g  o f  s t o r e d  s u l p h i t e d  
model  d i e t s  t o  r a t s .
The h i s t o p a t h o l o g i c a l  c h a n g e s  o b s e r v e d  i n  s e c t i o n s  o f  t h e  f o r e ­
s to m ach  ( H a e m a t o x y l i n - e o s i n )  o f  r a t s  o f  g r o u p s  C, D and  E a r e  b e l i e v e d  
t o  have  been  c a u s e d  by t h e  p r e s e n c e  o f  sodium  m e t a b i s u l p h i t e  i n  t h e  
model  d i e t s ,  and  n o t  i n t e r a c t i o n  p r o d u c t s ,  s i n c e  s i m i l a r  h i s t o p a t h o ­
l o g i c a l  c h a n g e s  have  been o b s e r v e d  i n  s t u d i e s  on t h e  t o x i c i t y  o f  sod ium 
m e t a b i s u l p h i t e  i n  r a t s  a t  s i m i l a r  dose  l e v e l s  ( F e ro n  and  W ensvoo r t ,
1972;  T i l  e t  a l ,  1 9 7 2 ) .
•The i n c r e a s e  i n  t h e  r e l a t i v e  w e i g h t s  ( o r g a n  f u l l  and  empty)  o f  
t h e  s to m a c h ,  s m a l l  i n t e s t i n e  and caecum i n  t h e  t e s t  g r o u p s  ( T a b le  5 - 9 ) ,  
and t h e  i n c r e a s e d  r e l a t i v e  w e i g h t s  o f  t h e  c o n t e n t s  o f  t h e  s m a l l  i n t e s t i n e  
and caecum i n  t h o s e  g ro u p s  s u g g e s t  t h e  p r e s e n c e  o f  p o o r l y  d i g e s t e d  
l a c t o s e / N a 2 S 2 Û^ o r  l a c t o s e / E a 2 S2 Û ^ /c a s e i n  i n t e r a c t i o n  p r o d u c t s ,  a s  
i n  t h e  c a s e  o f  t h e  a b s o r p t i o n - d e l a y e d  m a t e r i a l  found  i n  browned c a s e i n -  
g l u c o s e  model  s y s te m s  (Mori and N a k a t s u j i ,  1 9 7 7 ) .  A l t e r n a t i v e l y ,  t h e  
o b s e r v e d  i n c r e a s e s  i n  g a s t r o i n t e s t i n a l  c o n t e n t s  m igh t  have  been  c a u s e d  
by t h e  p r e s e n c e  o f  u n h y d r o ly z e d  s u b s t a n c e s  due t o  i n h i b i t i o n  o f  d i ­
g e s t i v e  enzyme a c t i v i t i e s  by t h e  a c t i o n s  o f  t h e  p o s s i b l e  i n t e r a c t i o n  
p r o d u c t s , a s  i n  t h e  c a s e  o f  r e d u c t i o n  o f  m ucosa l  d i s a c c h a r i d a s e  a c ­
t i v i t i e s  o f  r a t s  f e d  browned d i e t s  (Lee ^ _ a l ,  1 9 7 7 ) .  I t  h a s  been  
p r o p o s e d  t h a t  a c c u m u l a t i o n  o f  p o o r l y  a b s o r b e d ,  o s m o t i c a l l y  a c t i v e  
s u b s t a n c e s  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  o f  t e s t  a n i m a l s  i s  i m p o r t a n t  
i n  t h e  a e t i o l o g y  o f  c a e c a l  e n l a r g e m e n t ,  a s  i n  t h e  a d m i n i s t r a t i o n  o f  
c h e m i c a l l y  m o d i f i e d  s t a r c h e s  t o  r a t s  (L e e g w a te r  e t  a l ,  1 9 7 4 ) .
173
I n  summary, t h e  m a jo r  t o x i c o l o g i c a l  e f f e c t s  o f  t h e  a d m i n i s t r a t i o n  
. o f  s t o r e d  s u l p h i t e d  d i e t s  t o  r a t s  were g ro w th  r e t a r d a t i o n ,  t r a n s i e n t  
a l o p e c i a ,  m i l d  d i u r e s i s  and i n c r e a s e d  r e l a t i v e  w e i g h t s  o f  c e r t a i n  
g a s t r o i n t e s t i n a l  t r a c t  o r g a n s .
F u r t h e r  work w i l l  be n e c e s s a r y  t o  i d e n t i f y  t h e  p o s s i b l e  l a c t o s e /  
l a c t o s e / N a 2 S2 0 ^ / c a s e i n  i n t e r a c t i o n  compounds i n  s t o r e d  
s u l p h i t e d  d i e t s ,  and t o  s t u d y  t h e i r  t o x i c i t y  and m e t a b o l i s m .
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C h a p t e r  6
GENERAL DISCUSSION
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GENERAL DISCUSSION
The i n t r a - g a s t r i c  a c u t e  t o x i c i t y  s t u d i e s  o f  DSH i n  male and  f e ­
male r a t s  and mice  showed t h a t  t h e  LD^^ e x c e e d e d  5 g DSH/Kg body wt 
i n  e a c h  c a s e .  T h i s  f i g u r e  i s  g r e a t e r  t h a n  t h e  r e p o r t e d  o r a l  LD^^ o f  
SO^ o f  615 mg SO^/Kg body wt  f o r  t h o s e  s p e c i e s  (FIRL,  1 9 7 2 ) .  I n  mo­
l a r  r a t i o s  t h i s  means t h a t  t h e  o r a l  LD^^ o f  DSH i s  more t h a n  2 . 1  t im e s  
t h e  o r a l  LD^^ o f  SO2 , i n d i c a t i n g  t h a t  t h e  i n h i b i t i o n  o f  n o n -enz ym ic  
b row n ing  ( M a i l l a r d  r e a c t i o n )  by SO2  r e s u l t s  i n  t h e  f o r m a t i o n  o f  a  
p r o d u c t  (DSH) w i t h  a  l o w e r  o r d e r  o f  a c u t e  t o x i c i t y  t h a n  t h e  added  
food  a d d i t i v e  ( S O ^ ) •
S h o r t - t e r m  s t u d i e s  i n  r a t s  (21 d a y s )  and  mice (90 d a y s )  i n d i c a t e d  
t h a t  DSH d i d  n o t  a p p e a r  t o  be t h e  i n t e r a c t i o n  compound r e p o r t e d  t o  have  
c a u s e d  r e d u c t i o n  i n  t h e  body w e i g h t  g a i n s  o f  r a t s  f e d  s t o r e d  s u l p h i t e d  
d i e t s  ( F i t z h u g h  e t  a l ,  1946;  B ha ga t  and L o c k e t t ,  1 9 6 4 ) .
DSH was found  t o  p r o d u c e  a  m i l d  d i u r e t i c  e f f e c t  i n  r a t s  f e d  DSH 
a t  a  d i e t a r y  l e v e l  o f  2% f o r  21 d a y s .  The p r o p o s e d  mechanism o f  
a c t i o n  o f  DSH was s i m i l a r  t o  t h a t  o f  m a n n i r o l  ( B a r r y  and Berman, 1 9 6 1 ) .
The d i u r e t i c  e f f e c t  o f  DSH i m p a i r e d  t h e  a d j u s t m e n t  o f  t h e  com­
p o s i t i o n  and vo lume o f  t h e  u r i n e  o f  t h e  t e s t  a n i m a l s .
The o n l y  m a jo r  t o x i c ' e f f e c t  o b s e r v e d  i n  t h e  90-day  s t u d y  i n  mice
was t h e  p r e s e n c e  o f  u r i n a r y  b l a d d e r  c a l c i u m  o x a l a t e  c a l c u l i  i n  two
a n i m a l s  o f  t h e  2% dose  g r o u p .  I t  was o r i g i n a l l y  t h o u g h t  t h a t  t h e
o b s e r v e d  c a l c u l i  were  d e r i v e d  f rom  a  m e t a b o l i c  breakdown o f  t h e  m ol-
14e c u l e  o f  DSH. However ,  m e t a b o l i c  s t u d i e s  w i t h  C -  DSH f a i l e d  t o  
i d e n t i f y  -  o x a l a t e  a s  a  m e t a b o l i t e  o f  DSH. I t  was t h e n  p r o p o s e d  
t h a t  t b e  a e t i o l o g y  o f  f o r m a t i o n  o f  t h e  o b s e r v e d  c a l c u l i  m ig h t  be r e ­
l a t e d  to  a  DSH-induced d i s t u r b a n c e  o f  t h e •m e t a b o l i s m  o f  a s c o r b i c  a c i d
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(W a lk e r ,  1981;  Basu ,  1 9 8 1 ) .  The n a t u r e  o f  t h i s  d i s t u r b a n c e  would be 
a  s h i f t i n g  o f  t h e  n o rm a l  m e t a b o l i c  pa thway o f  a s c o r b i c  a c i d  t o w a rd s  
t h e  f o r m a t i o n  o f  o x a l a t e  (Burns  e t  a l ,  1951;  Baker  e t  a l ,  1966;  
G a m b a r d e l l a  and  R i c h a r d s o n ,  1977)  due t o  t h e  s i m i l a r i t y  i n  c h e m i c a l  
s t r u c t u r e  be tw een  DSH and a s c o r b a t e  s u l p h a t e s ,  no rm a l  u r i n a r y  m e t a b o l i t e s  
o f  a s c o r b i c  a c i d  (Bake r  _et 1971;  B u r n s ,  1 9 7 5 ) .
A l t e r n a t i v e l y ,  t h e  a e t i o l o g y  o f  f o r m a t i o n  o f  DSH-induced  u r i n a r y  
b l a d d e r  c a l c u l i  m ig h t  have  some common f e a t u r e s  w i t h  t h a t  o f  x y l i t o l  
(WHO, 1 9 7 8 ) .
F u r t h e r  r e s e a r c h  e f f o r t  would be n e c e s s a r y  t o  e l u c i d a t e  t h e
mechanism o f  f o r m a t i o n  o f  DSH- induced  u r i n a r y  b l a d d e r  c a l c u l i .
S t u d i e s  o f  t h e  e x c r e t i o n  p a t t e r n s  o f  -  DSH and ^^S -  DSH i n
r a t s  and mice i n d i c a t e d  t h a t ,  a t  t h e  dose  l e v e l s  u s e d ,  i n t r a - g a s t r i c a l l y
a d m i n i s t e r e d  DSH i s  r a p i d l y  and i n c o m p l e t e l y  a b s o r b e d ,  p o s s i b l y  from
the.  s tom a c h  o r  t h e  u p p e r  p a r t  o f  t h e  s m a l l  i n t e s t i n e ,  i n  b o t h  s p e c i e s .
The p r o p o r t i o n  o f  DSH t h a t  was a b s o r b e d  was r a p i d l y  c l e a r e d  i n  t h e
u r i n e  i n  b o t h  s p e c i e s .  No e v i d e n c e  was found t h a t  DSH was e n t e r i n g
pa thw a ys  o f  i n t e r m e d i a r y  m e t a b o l i s m .
P la sm a  c o n c e n t r a t i o n  s t u d i e s  o f  -  DSH and ^^S -  DSH and t i s s u e
d i s t r i b u t i o n  s t u d i e s  o f  -  DSH i n  r a t s  and mice a p p e a r e d  t o  c o r r o b o r a t e
t h e  f i n d i n g s  o f  t h e  e x c r e t i o n  p a t t e r n  s t u d i e s .
C h r o m a t o g r a p h i c  s t u d i e s ^ r e v e a l e d  t h a t  t h e  u r i n a r y  a c t i v i t y  o f
r a t s  and  mice  dose d  w i t h  -  DSH a p p e a r e d  t o  be a s s o c i a t e d  o n l y  w i t h  
14unchanged  C -  DSH.
A d m i t t e d l y  h i g h  dose  l e v e l s  o f  -  DSH and ^^S -  DSH were  u s e d  
i n  t h e  m e t a b o l i c  s t u d i e s  due t o  t h e  low s p e c i f i c  a c t i v i t i e s  o b t a i n e d  
i n  t h e  s y n t h e s i s  o f  t h e  l a b e l l e d  DSH. I t  would be recommended t h a t  
im provem en ts  i n  t h e  s y n t h e s i s  o f  -  DSH and ^^S -  DSH s h o u l d  be
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i n t r o d u c e d  i n  o r d e r  t o  a l l o w  t h e  u se  o f  low e r  dose  l e v e l s  i n  t h e  m e t a ­
b o l i c  s t u d i e s .
The a p p a r e n t  m e t a b o l i c  i n e r t n e s s  o f  DSH, a s  d e m o n s t r a t e d  by t h e  
m e t a b o l i c  s t u d i e s ,  would e x p l a i n  t h e  low o r d e r  o f  t o x i c i t y  shown by 
DSH i n  t h e  a c u t e  and s h o r t - t e r m  s t u d i e s .
The f a c t  t h a t  x y l i t o l  e n t e r s  pa th w ays  o f  i n t e r m e d i a r y  m e t a b o l i s m  
(WHO, 1977)  c o n t r a s t s  s h a r p l y  w i t h  t h e  o b s e r v e d  m e t a b o l i s m  o f  DSH, 
s u g g e s t i n g  t h a t  t h e r e  m ig h t  be some d i f f e r e n c e s  i n  t h e  a e t i o l o g y  o f  
f o r m a t i o n  o f  t h e  u r i n a r y  b l a d d e r  c a l c u l i  a p p a r e n t l y  i n d u c e d  by t h o s e  
two compounds.
DSH was n o n - m u t a g e n i c  t o  f o u r  s t r a i n s  o f  S a l m o n e l l a  t y p h im u r iu m  
i n  t h e  Ames t e s t .  T h i s  i n d i c a t e s  t h a t  DSH i s  p r o b a b l y  n o t  a  c a r c i ­
n o g e n i c  a g e n t  (McCann e t  a l ,  1 9 7 5 ) .  However ,  t a k i n g  i n t o  c o n s i d e r a t i o n  
t h e  v i e w s  t h a t  t h e  c o r r e l a t i o n  be tw een  m u t a g e n i c i t y  and  c a r c i n o g e n i c i t y  
i s  n o t  s u c h  a  s i m p l e  one (R inkus  and  L e g a t o r ,  1977;  Ashby and. S t y l e s ,  
1 9 7 8 ) ,  l o n g - t e r m  s t u d i e s  i n  d i f f e r e n t  s p e c i e s  would be n e c e s s a r y  to  
d e t e r m i n e  t h e  c a r c i n o g e n i c  p o t e n t i a l  o f  DSH.
S t u d i e s  i n  r a t s  f e d  s t o r e d  s u l p h i t e d  model  d i e t s  a p p e a r e d  t o  
i n d i c a t e  t h e  f o r m a t i o n  d u r i n g  s t o r a g e  o f  l a c t o s e / N a ^ S ^ O ^  and p o s s i b l y  
l a c t o s e / N a 2 S2 Û ^ / c a s e i n  i n t e r a c t i o n  p r o d u c t s .  The p r e s e n c e  o f  t h o s e  
i n t e r a c t i o n  p r o d u c t s  i n  t h e  model  d i e t s  m ig h t  have  been  r e s p o n s i b l e  
f o r  t h e  o b s e r v e d  r e d u c t i o n  in _ b o d y  w e i g h t  g a i n s ,  t r a n s i e n t  a l o p e c i a  
and m i l d  d i u r e s i s  o b s e r v e d  i n  t h e  e x p e r i m e n t a l  a n i m a l s .
A l t e r n a t i v e l y ,  a t  t h i s  s t a g e  t h e  p o s s i b i l i t y  c a n n o t  be c o m p l e t e l y  
i g n o r e d  t h a t  l a c t o s e / N a 2 S 2 0 ^ o r  l a c t o s e / N a 2 S 2 Ü^/c a s e i n  i n t e r a c t i o n  
compounds m ig h t  have  c a u s e d  d e f i c i e n c i e s  o f  c e r t a i n  n u t r i e n t s ,  s u c h  a s  
m e t h i o n i n e ,  t r y p t o p h a n  o r  i r o n ,  t h a t  p ro d u ce d  t h e  o b s e r v e d  a l o p e c i a .  
However ,  t h e  h a e m a t o l o g i c a l  e x a m i n a t i o n s  o f  t h e  t e s t  a n i m a l s  d i d  n o t
■178
r e v e a l  a ny  symptoms o f  a n a e m ia ,  s u g g e s t i n g  t h a t  i r o n  d e f i c i e n c y  d i d  
n o t  o c c u r  i n  t h e  t e s t  a n i m a l s .
A d i r e c t  i n t e r a c t i o n  be tw een  sodium  m e t a b i s u l p h i t e  and s u l p h u r -  
c o n t a i n i n g  amino a c i d s  i n  t h e  d i e t  component s  d u r i n g  s t o r a g e  does  n o t  
seem t o  be t h e  c a u s e  o f  t h e  o n s e t  o f  t h e  o b s e r v e d  a l o p e c i a  s i n c e  a n i m a l s  
f e d  a  d i e t  i n  wh ich  c a s e i n  and sod ium m e t a b i s u l p h i t e  had  been  s t o r e d  
t o g e t h e r  d i d  n o t  d e v e l o p  any  symptoms o f  a l o p e c i a .
The i d e n t i f i c a t i o n  and  t o x i c o l o g i c a l  e v a l u a t i o n  o f  p o s s i b l e  
• i n t e r a c t i o n  p r o d u c t s  i n  s t o r e d  s u l p h i t e d  model  d i e t s  a r e  c o n s i d e r e d  
o f  i n t e r e s t .
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T a b l e  A-1 C o m p o s i t i o n  o f  t h e  V i t a m in  m i x t u r e  (B .P .  N u t r i t i o n )
Mix 4 g p r e m i x  w i t h  1 g c h o l i n e  c h l o r i d e  (50%), b e f o r e  a d d i n g
t h e  r e q u i r e d  w e i g h t  ( e . g .  4%) t o  t h e  d i e t .
5 g o f  t h e  above  m i x t u r e  c o n t a i n s ;
V i t a m in A 5000 i .
t t D 500 II
I t
h 5 mg
t t
^2 5 II
t t 5 II
I t
®12 10
I t
t t E 50 II
F o l i c  a c i d 500 II
N i c o t i n i c  a c i d 20 I I
P a n t o t h e n i c  a c i d 14 II
C h o l i n e 400 II
I n o s i t o l 100 II
V i t a m in C 400 II
B i o t i n 200 II
(15 mg c a l c i u m  p a n t o t h e n a t e )
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T a b l e  A-2 C o m p o s i t i o n  o f  t h e  m i n e r a l  m i x t u r e  ( A r t h u r  H. Cox 
and Co. LTD)
(g/Kg m i n e r a l  m i x t u r e )
Sodium c h l o r i d e  50
C a l c iu m  p h o s p h a t e  400
I r o n  c i t r a t e  35
P o t a s s i u m  i o d i d e  1 . 0 0
Magnesium s u l p h a t e  80
A c id  sod ium p h o s p h a t e  105
P o t a s s i u m  c h l o r i d e  250
Sodium f l u o r i d e  0 . 0 4
Manganese s u l p h a t e  0 . 2 0
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Table A-3 C o m p o s i t i o n  o f  S p r a t t *  s powdered d i e t  f o r  r o d e n t s  
2 ( S p r a t t ' s  L a b o r a t o r y  S e r v i c e s )
Chem ica l  c o m p o s i t i o n
M o i s t u r e  %
E t h e r  E x t r a c t  %
Crude  P r o t e i n  %
Crude  F i b r e  %
G r o s s  e n e r g y  (MJ/kg)  
D i g e s t i b l e  e n e r g y  (M J/kg)
3 . 5
2 1 . 5
2 . 7
1 7 .2
1 4 .2
V i t a m i n  and  M i n e r a l  C o m p o s i t i o n
L y s i n e  %
M e t h i o n i n e  %
C a lc iu m  %
P h o s p h o r u s  %
V i t a m in  A i . u . / k g
V i t a m in  D^ i . u . / k g
A l p h a t o c o p h e r o l  i . u . / k g
V i t a m in  mg/kg
R i b o f l a v i n  mg/kg
P y r i d o x i n e  mg/kg ( a d d e d )
P a n t o t h e n i c  A c id  mg/kg
N i c o t i n i c  A c id  mg/kg
F o l i c  A c id  mg/kg
C h o l i n e  C h l o r i d e  mg/kg ( a d d e d )
C y anocoba lam in  %g/kg
Manganese  mg/kg
I r o n  mg/kg
I o d i n e  mg/kg
Copper  mg/kg
Z in c  mg/kg
C o b a l t  mg/kg
1.1
0 . 3 9
0 . 9
0 . 8
11000
1200
24
10
7
1
17
80
0 . 2
450
15
65
100
0 . 5
20
40
1
